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SUMMARY

The fundamental concept of the cryogenic Kick Stage vehicle requires an efficient

solution to the thermodynamic problem of storage of liquids in space and the structural

problem of withstanding the loads encountered.

It is the object of this report to evaluate the loads expected for the Kick Stage when

boosted by the Atlas/Centaur launch vehicle. The Kick Stage structure studied consists

of two alternate truss designs: one with two ten-foot diameter rings and the other with

three. Other variations in truss members and payload weights have also been studied.

Maximum acceleration loads were found to exist and may be a designing factor for

at least one part of the Kick Stage at the following times:

(a) Launch

(b) During flight, (Mach-one to Max q period)

(c) Maximum booster acceleration (Atlas)

(d) Centaur main engine cutoff and

(e) Kick Stage main engine cutoff.

Other conditions studied included Atlas thrust buildup, and Centaur and Kick Stage

Main Engine Starts.

Truss loads were summarized separately to take advantage of phasing of the loads

of different masses and thereby reduce the truss loads and weight. The maximum ten-

sile load in the main truss is only about half the sum of the peak loads if phasing were

neglected. This analysis also takes into account a predicted environmental vibration

response which is taken as uncorrelated with dynamic responses beyond the nominal

static loads. This environmental factor increases the difference in the truss loads

noted above.

Clearance necessary between the payload and the nose fairing was found to be 1.64

inches plus local deformation of payload equipment. The clearance between the nose

fairing and the forward ring is recommended to be 0.90 inch. These clearances are

based upon the 2-ring truss design. The 3-ring design was found to be less favorable.

Some analysis was made using a beryllium aluminum alloy cruciform beam (which

supports the Kick Stage engine and liquid oxygen tanks}. This work indicates that sig-

nificant advantages may be obtained with such a beam.

The analysis of Centaur and Kick Stage main engine cutoff transients indicates

that the liquid propellants will become unsettled at that time. The energy stored in the

elastic vehicle, when released at engine cutoff, causes this problem.

Additional analysis is also recommended to parallel any future development of

Kick Stage.
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LOAD FACTORSFOR KICK STAGE

by

J. A. Staley and A. F. Leondis

ABSTRACT

An 8,800-pound cryogenic Kick Stage, considered as a third stage for the

Atlas-Centaur rocket combination, is analyzed to determine the load factors

developed during launch and flight until the last Kick Stage main engine cutoff.

The load factors are intended to provide an accu.rate basis for design of the

basic Kick Stage structure (not small components). Required clearance in-

side the cone cylinder nose fairing is also considered.
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INTRODUCTION

1.1 LONG RANGE OBJECTIVES

One of the building blocks considered for the support of future space exploration

plans is the cryogenic Kick Stage. The Kick Stage has a two-fold purpose. The first is

to extend present launch vehicle capabilities to support unmanned space programs.

This is really a simple matter of economics, in that for many of the planned unmanned

programs the use of Kick Stage will shift launch vehicle requirements to that of a less

expensive vehicle (including Kick Stage). The second purpose of Kick Stage is to de-

velop one of the propulsion technologies required for future manned space vehicles.

Kick Stage development will advance operational cryogenic space vehicle systems re-

quired for high energy, long coast and manned missions to the planets.

The vehicle described in this report, Atlas SLV-3C/Centaur/Kick Stage (oxygen-

hydrogen), would be capable of placing approximately 2,200 pounds in a synchronous

equatorial earth orbit, 2,750 pounds to Mars or a ll0-pound solar probe to 0.28 astro-

nomical unit from the Sun.

1.2 INITIAL HARDWARE AND GROUND TESTING

The Kick Stage as currently envisioned requires a lightweight structure optimized

for thermodynamic insulation during extended interplanetary coast periods. If develop-

ment of Kick Stage is pursued, the initial hardware will be used for ground testing at

LeRC in order to determine and study the major problem areas associated with this

type of vehicle. In order to obtain realistic dynamic and static load tests of the primary

structure, it is planned to simulate the operational flight weight structure as closely as

possible. Therefore, the preliminary structural design of the Kick Stage must be based

upon an accurate assessment of the critical load conditions before and during flight,

giving due consideration to the dynamic loads developed and transmitted within the inte-

grated Atlas/Centaur/Kick Stage vehicle. This report is intended to serve as the

assessment of critical loads for several variations of Kick Stage structure and payloads

as described in this section.

1.3 LAUNCH VEHICLE AND FLIGHT SEQUENCE

The Atlas/Centaur/Kick Stage vehicle is a three or three and one-half stage vehicle.

The first stage, which is the Atlas, is a liquid oxygen-kerosene type booster with three

large engines. Two of these engines called the "booster package" are jettisoned after

two to three minutes .of flight. The remaining single large engine and the entire Atlas

propellant tank continues to operate for a few additional minutes until propellant deple-

tion. The Atlas portion of flight is thus made in two phases, the booster phase and the

1-1



sustainer phase and is sometimes called a stage and a half. Figure 1-1 shows in a

diagramatic sketch the probable sequence of events during flight. After booster jetti-

son the insulation panels from the Centaur liquid hydrogen tank are dropped, followed

by the two halves of the nose fairing. After jettison of the sustainer tank, the Centaur

main engines start and may or may not be restarted depending on mission require-

ments. After Centaur burn-out and staging, the Kick Stage main engine start takes

place, followed by cut-offs and restarts as necessary. Payload separation from Kick

Stage is not shown in the sketch and for some missions may not take place if the mass

and thermal shielding of the empty vehicle is beneficial. A more accurate sketch of

the entire launch configuration vehicle is shown in Figure 1-2.

The Centaur model used is based upon the AC-12 Centaur with propellant levels

adjusted to 5 percent for first main engine cutoff and second main engine start.

The Atlas vehicle used is the SLV-3C as proposed in TCP 8446R2 "SLV-3A/

SLV-3C Airborne Changes", dated March 14, 1966. Propellan_ levels have been ad-

justed to provide a thrust/weight ratio of 1.20 at launch. The Atlas launcher used in

this study is quite similar to the one used for AC-9. Slight changes may be made in

holddown pressure and auxiliary support systems which should have little or no effect

on the launch vehicle. See Section 5 for details concerning launcher "Back Pressure':

1.4 KICK STAGE DESCRIPTION

The Kick Stage as treated in this report is an 8,800-p0und vehicle excluding pay-

load. It has a single RLIOA-3-3 engine for use with liquid hydrogen and liquid oxygen.

It has a nominal 10 foot diameter and may carry payloads of 300 to 3,000 pounds (only

these extreme payload weights have been studied. ) The principle components of the

Kick Stage (shown schematically in Figure 1-3) are a 9 foot oblate spheroid LH 2 tank

supported by a thin conical shell; a cruciform beam that supports the RL10A-3-3 en-

gine; four spherical LO 2 tanks supported by the aft ring and the cruciform beam, and

a primary space truss structure consisting of str'_ts and rings which tie the various

components together. Two variations of the truss (see Figures 1-4 and 1-5) have

been considered. Other details of the aft ring and cruciform beam are shown in

Figures 1-6 and 1-7.

The cone-cylinder nose fairing encloses both the payload and the Kick Stage down

to the aft ring. The stiffness of the nose fairing was taken to be equal to that of the

Surveyor nose fairing.

The Kick Stage to Centaur adapter was taken to have the following properties:
EI = 360 x 109 lb-in 2 and KAG = 38 x 106 lb.

The many variations of the Kick Stage structure and payload weights are summa-

rized in Table 1-1. There are basically only 9 different configurations. These employ
m 7 6a odulus of 10 psi for the truss and 10.3 × 10 psi for the cruciform beam. Nine
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KICK STAGE
MAIN ENGINE

CENTAUR START
MAIN ENGINE _K_

J
INSULATION PANEL _ i_ _'-_,_
AND NOSEFAIRING [//_¢1_"
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i ATLAS THRUST

BUILDUP AND

LAUNCH

(RESTARTS OF UPPER STAGES

NOT SHOWN AND SKETCH NOT

TO SCALE)

Figure 1-1o Flight Sequence for Atlas/Centaur/Kick Stage
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Figure 1-2. Atlas/Centaur/Kick Stage Launch Configuration
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SLV-3C STA. -326

NOTE: SLV-3C STATION
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Cryogenic Kick Stage Configuration for Use With Centaur
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INSTRUMENTUNIT STRUTS
(16 MEMBERS)

1.75 SQ x

SLV-3C

STA -82

2.25 SQ × .13

34.0

SLV-3C

STA + 14

62.0

/]
( 4 DIM. AXIALLY) I

SEE FIG. 1-6 FOR
STIFFNESS OF THIS

RING,

I
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'MAIN STRUTS

(16 MEMBERS}

Figure 1-4. Two Ring Design
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Figure 1-5. Three Ring Design
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60"

LO2 TANK

(4 \

45°

_LO2 TANK

SUPPORT POINT

, (TYPICAL 12 PLACES)

\

\

t T
30"

2415"

r RING

LO 2 TANK
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Figure I-6. Aft Ring - Cruciform Beam Assembly
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Figure 1-7. Cruciform Beam
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TABLE 1-1. STRUT CONFIGURATIONAND PAYLOAD WEIGHT ASSOCIATEDWITH
EACH OF THE LONGITUDINAL AND LATERAL MODEL CASES

Case

Number*

1

2

3

4

5

6

7

8

9

Instrument Unit

Strut Dimensions

(Inches)

1.75 OD x 0.06 Wall

1.75 OD x 0.09 Wall

1.75 OD x 0.03 Wall

1.75ODx 0.06 Wall

1.75 OD x 0.09 Wall

1.75 OD x 0.03 Wall

1.75 OD x 0.06 Wall

1.75 OD x 0.09 Wall

1.75 OD x 0.03 Wall

Main Strut

Dimensions

(Inches)

Strut Configuration

(Figure Number)

2.25 OD x 0.08 Wall

2.25 OD x 0.12 Wall

2.25 OD x 0.04 Wall

2.25 O D x 0.08 Wall

2.25 OD x 0.12 Wall

2.25ODx 0.04Wall

Two Rings (1-4)

Two Rings (1-4)

Two Rings (1-4)

Two Rings (1-4)

Two Rings (1-4)

Two Rings (I-4)

1.50Dx 0.05Wall

i. 50D x 0. 075 Wall

i. 50D x 0.025 Wall

Three Rings (1-5)

Three Rings (1-5)

Three Rings (1-5)

Payload

Weight

(lbs)

3000

3000

3000

300

300

300

3000

3000

3000

NOTE:

*Nine other cases are also used in the gust analysis. These are identified by adding

the letter "S" (for stiff) after the case number shown above and are changed only by

increasing the modulus of elasticity to 30 x 106 psi (beryllium-aluminum alloy).

more were created by changing the properties of the truss and cruciform beam mem-

bers to a modulus of 30 x 106 psi. All of these cases were used in the gust analysis

and in addition two more that were formed by connecting the Kick Stage forward ring

to the nose fairing. A list of mathematical models, used in the various studies de-

cribed by this report, is presented in Table 1-2. As shown later in Section 7, the most

critical time for gusts and related loads was found to be 72 seconds, for that reason

most of the gust models were evaluated at that time.

The four added models (45A, 46A, 46B, and 46C)shown in the table were consid-

ered to be important to show changes in load factors resulting from changes in

stiffness and/or payload weight.

Kick Stage weights and C.G. locations for various propellant levels are presented

in Table 1-3.
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TABLE 1-2. TABLE OF MODELS

Math

Model

No.

Longitu-

dinal

X

Lateral

2 X

Kick

Stage Kick Stage

Case Propellant
,

No. Level

1 Full

1 Full

3 X 1 Full

4 X 4 Full

5 X 4 Full

6 X 7 Full

7 X 7 Full

X 1 Full8

X 1 Full

X 1 Full

X 1 Full

X 2 Full

X 3 Full

X 4 Full

X 5 Full

X 6 Full

X 7 Full

X 8 Full

X 9 Full

X 1S Full

X IS Full

X IS Full

X 1S Full

X 2S Full

X 3S Full

X 4S Full

X 5S Full

X 6S Full

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Centaur

Propellant

Level

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Atlas

Propellant

Level

Full

Full

Full

Full

Full

Full

Full

t= 56

t=64

t=72

t=80

t=72

t=72

t=72

t=72

t=72

t=72

t-72

t=72

t = 56

t=64

t=72

t=80

t=72

t=72

t=72

t=72

t=72

Remarks

Model for Atlas

thrust buildup

analysis.

Launcher in-

cluded in Model.

Models 2-7 for

launch analysis

Models 8-31 for

gust and static
aeroelastic

analysis

Models 8-11

and 20-23 for

selection of

most critical

time of flight.

Most critical

time was found

to be 72 sec.

Other Kick

Stage Models

were analyzed

at same most

critical time.

S indicates E =

30x 106 Ibs/sq.in
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TABLE I-2. TABLE OF MODELS (CONTINUED)

Math

Model

No.

29

3O

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

45A

46

46A

46B

46C

Longitu-

dinal

X

X

X

Kick

Stage

Case
No .*

7S

8S

9S

1

1

4

7

Kick Stage

Propellant

Level

Full

Full

Full

Full

Full

Centaur

Propellant

Level

Full

Full

Full

Full

Full

X

X

X

X

X

X

X

X

X

X

X

X

Lateral

X

X

X

X

X

X

X

1

4

7

1

4

1

4

4M**

IM**

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

Full

1/3

1/3

Empty

Empty

Empty

Empty

5%
5%
5%
5%

Empty

Empty

Empty

Empty

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Atlas

Propellant

Level

t=72

t=72

t=72

t=72

t=72

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Jett.

Remarks

Special addi-

tional case.

Models 34-37

for Centaur 2nd

MES and 1st

MECO analysis.

Atlas has been

jettisoned here.

Models 38-41 for

Centaur 2nd

MECO analysis.

Models 42-44

for Kick Stage

1st MES

analysis. Centaur

has been j etti-

soned here

Model 45 for

Kick Stage 2nd

MES. 45A for

Kick Stage 1st

MECO.

Model 46 for

Kick Stage 2nd

MECO.

1-12
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2

3

4

5

6

7

TABLE 1-3.

Item

Payload

WEIGHTS AND C.G. LOCATIONS FOR MODEL MASSES

Full Load

C.G.

(in.)

324

Kick Stage

1/3 Full Load

C.G.

(in.)

324

Wt.

(lb)

Empty

C.G.*

(in.)

Wt.

(lb)

Wt.

(lb)

300_300 3°° oo 300%00 324

Payload Ring & Equip. 436 250 436 250 436 250

Fwd. Ring & Equip. 174 216 174 216 174 216

LH 2 & Structure 1390 202 610 187 220 201

LO 2 & Structure 6130 142 2250 132 290 142

Engine & Structure 380 106 380 106 380 106

Aft Ring & Beam 290 148 290 148 290 148

NOT E:

*Distance forward of Centaur 219 Ring. Changes in weight between the various

Kick Stage cases have been neglected except for the weights shown in the table.
a

1.5 IMPORTANT DESIGN CONDITIONS

Based upon previous experience with Atlas and Atlas/Centaur vehicles, it was

expected that the important load conditions for Kick Stage would be:

a. Launcher release transients

b. Gust loads during the time of flight near Mach 1 and maximum aerodynamic

pressure

c. Maximum booster acceleration

4. Centaur last main engine cutoff.

In addition to these recognized load conditions, the Kick Stage main engine start and

cutoff transients required evaluation.

Other conditions which were considered important enough to warrant investigation

were Atlas thrust buildup and some miscellaneous Centaur start and cutoff transients.

A special study of environmental vibration has also been made (Section 11) to permit
inclusion of loads due to this source.
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Although all important load conditions are believed to be included, for the design

of the basic Kick Stage structure, it should be recognized that other studies are neces-

sary for proper integration of electronic components, nose fairings, thermal insulation,

pre-launch air conditioning systems, etc. During the course of this study it was noted

that the most favorable arrangement of cruciform beam and nose fairings would be

with the nose fairing hinge points at the ends of one member of the beam. This ar-

rangement would permit the large compressive radial load from the nose fairings to

be supported in a very efficient manner. Another detail of future interest is the shaped

charge shock developed near the aft ring of the Kick Stage truss by the shaped charge

used to cutoff the nose fairing. Equipment items mounted within approximately a foot

of this ring may see extremely high shocks (perhaps 2,000 to 3,000 g's for less than

one millisecond). The intensity of the shock is considerably less only 3 to 4 feet away.

1.6 REPORT ORGANIZATION

In the preparation of this report it was felt that the reader would most frequently

be interested in the tabulated loads and clearance data. Because of this, the Total

Loads and Recommendations Section was made the second section of the report. It is

hoped that this will prove to be more convenient than placing it last. Other sections

containing detail data follow Section 2 as outlined in the Table of Contents on page vii.
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TOTAL LOADS AND REC OMMENDATIONS

This section is intended to present the final results of the Kick Stage load and

clearance study. Loads and clearances are presented in this section for the many

possible variations of the Kick Stage structure discussed in Section 1. The reader is

encouraged to read the text of this section to understand the meaning of the loads pre-

sented.

2.1 FORMAT OF LOAD TABULATION

The main results of this study are presented in Table 2-1. Details peculiar to the

loads and clearances for each load event or condition considered are found in later

sections of this report.

The conditions listed in the left hand column of Table 2-1 are abbreviations for

significant dynamic loading conditions which occur from Atlas Thrust Buildup (TBU)

to Kick Stage Second Main Engine Cutoff (KMEC O2) and are arranged in flight sequence.

The definitions of the abbreviations used in the "condition" column are given in Table

2-2. The case numbers refer to Tables 1-1 and 1-2 while the MM (Math Model) num-

bers refer to Table 1-2.

Inertia loads for seven lumped masses of the Kicked Stage, axial and lateral

loads in the Kick Stage truss, and clearance loss between the Kick Stage and Nose

Fairing are presented in Table 2-1 for each significant event.

Lateral and longitudinal static, dynamic, and environmental components are given

for each load or clearance loss. These are combined to give a resultant, or total load

(positive and/or negative).

It should be pointed out that some results are presented for several Kick Stage

cases not originally required under this study. Variations in Kick Stage properties

were considered which might reduce loads at Kick Stage MECO. These results are

presented toward the end of Table 2-1 and are discussed below.

Accelerations are taken positive when acting forward and are quoted as "Design
Limit values," not ultimate.

2.2 INERTIA LOADS

Inertia loads shown in Table 2-1 were taken from later sections of this report and

were combined and tabulated here.
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TABLE 2-2. DEFINITIONS OF TERMS IN TABLE 2-1.

Term Definition

Atlas TBU

Launch

Flight

Atlas thrust buildup; missile held down by launcher

Release of missile from launcher

Flight through Mach 1 and maximum aerodynamic pressure

Maximum Booster

Acceleration

CMECO1

CMES2

CMECO2

KMES1

KMECO1

KMES2

KMECO2

STATIC

DYN+

DYN-

ENV

TOTAL +

TOTAL-

Longt' 1

Lat'l

3k P/L

300 P/L

Maximum booster acceleration, just prior to booster

engine cutoff (also MBA)

First Centaur main engine cutoff

Second Centaur main engine start

Second Centaur main engine cutoff

First Kick Stage main engine start

First Kick Stage main engine cutoff

Second Kick Stage main engine start

Second Kick Stage main engine cutoff

Constant or slowly varying (initial and final values are

separated by a / mark)

Maximum positive dynamic load "

Maximum negative dynamic load

Environmental load (understood to be + )

Maximum totalpositive load

Maximum totalnegative load

Longitudinal direction, parallel to centerline

Lateral direction, normal to centerline

Indicates analysis includes 3,000 Ib payload

Indicates analysis includes 300 lb payload

NOTE:

* Indicates "best guess" data.

B.P. Indicates with back pressure for one launch analysis (see Section 6 for
details.

All lateral loads are symmetrical so where + signs are omitted with lateral

loads they are understood to exist.

Truss Loads are evaluated at SLV-3C station + 14 inches (just in front of the aft ring).

Positive axial truss loads are compression.

Longitudinal accelerations are plus forward.

Payload clearance loss does not include deflection of components of the payload.
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In order to understand the method of combining loads, it is first necessary to

understand the methods of caclulating the various loads and the probabilities of occur-

rence of the loads. In general, there are two separate types of responses occurring

together at the same time: one due to a given thrust transient or other design load

condition that can be analyzed by classical methods and the other "Environmental Vi-

bration", caused by higher frequency random noise, boundary-layer turbulence, and

others, that, for want of better methods, is handled empirically (see Section 11).

Both of these types of responses include at least some random loads. For example

the thrust rise curve used in the analysis of the second Centaur Main Engine Start

(CMES2) is much more severe than average or typical data. The object in selecting

this worst case curve is of course, to provide enough strength in the structure so that

mission failures will not occur. It should be clear, therefore, that the loads deter-

mined as a result of this analysis are partly random. The random part is taken, for

simplicity, as the load in excess of the nominal (or average) acceleration at that time.

For example, consider the last condition shown on page 2-5 of Table 2-1. The

nominal (average or mean) acceleration prior to MECO is 1.82 g's and after MECO is

zero. These loads are called "Static+" and "Static-" respectively. The analysis of

this MECO condition, however, indicated that the most positive acceleration was 2.27

g's on the payload mass and also a minimum of -2.77 g's (see Figure 9-13). Then the

positive random load (called Dyn+) is 2.27 -1.82 or +0.45 g's. The negative random

(Dyn-) load is -2.77 -0 or -2.77 g's.

The Environmental Vibration (Env) load is assumed to be all random (with respect

to amplitudeprobability) and taken tobe 0.74 g'2 (see Table 11-1). The Env loads are

understood to be plus or minus.

It has been found that simple addition of these various loads leads to unreasonably

conservative (too high) totals, so that it is preferred to use the Root-Sum-Square (RSS)

method to combine the random parts which are then added to the Static as shown below:

Total + = (STATIC +)+ I(DYN+)2 + (ENV)2] _
L J

Total- = (STATIC-}- [(DYN-)2+ ENV) 2 1½

J

It should be noted that many special cases exist where the loads presented are

somewhat different from the example given above. In the case of the Atlas TBU, the

vehicle is held by the launcher so that only one Static load is shown (1.00 g). In many

cases the greatest negative analytical load is equal to the Static- value so that Dyn-

equals zero. For example see the Centaur second Main Engine Start (CMES 2) condi-

tions on page 2-5.

In addition to the loads acting in the direction of primary interest there may be

significant loads acting at right angles in a secondary direction. For instance, at Atlas

thrust buildup, longitudinal loads can be determined using a longitudinal model and

thrust buildup curves for the Atlas engines. However, lateral response is also known
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to be produced by Atlas thrust buildup. In some cases, best guess data for such sec-

ondary response has been supplied on the basis of Atlas/Centaur flight experience.

These data have been included in Table 2-1 for a guide only, and are identified by an

asterisk (*) wherever they appear.

Lateral loads are treated in the same manner, but within the scope of this study,

are symmetrical so that plus and minus lateral loads are equal in magnitude.

A total load envelope may be formed by considering a combination of the various

loads specified for a given mass. The loads specified may, in general, have static and

random (random loads are TOTAL less STATIC) terms in each direction (forward,
aft, and lateral). The envelope is formed as shown in Figure 2-1.

The corners of the load envelope are shown as elliptical. If the random loads are

uncorrelated, it is believed that the elliptical corner is best in order to approximate

a bivariate statistical distribution. However, to save time, the corners are frequently

made square (more conservative) if the item under analysis is not critical.

A detailed examination has been made of the various accelerations in Table 2-1

and a short summary has been made in Table 2-3 for Cases 1, 4, and 7. The most

critical values for the two ring truss have been underlined.

The payload mass can be seen to generate a maximum forward acceleration at MBA

and a maximum separation plane tension at Kick Stage first MECO. The payload maxi-

mum lateral load would be 1.87 g's at launch unless the 3-ring design is used, in which

case the required load is 2.49 g's. In Table 2-3 the loads shown for the Case 4 payload

are one-tenth of the accelerations shown in Table 2-1 because the load is the product

of acceleration and weight. The last launch entry in Table 2-1 shows the reduction of

payload lateral response to less than half by means of using the launcher "back pressure".
Back pressure is discussed in Section 6.

ELLIPTICAL I FORWARD RSS OF DYNAMIC
CURVES _E PLUS ENVIRONMENTAL

I _ FORWARD STATIC +

IGN FOR ALL LOADS
INSIDE ENVELOPE

LATERAL LOAD DIRECTION

ZERO LATERAL
LOAD

Figure 2-1.

"_---AFT STATIC - (USUALLY
THE ZERO

AFT RSS OF DYN LONGITUDINAL

PLUS ENV LOAD LINE)

RSS OF DYN PLUS ENV

fERAL STATIC

Total Load Envelope
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TABLE 2-3. TOTAL LOAD SUMMARY(FOR PAYLOAD, LH2 AND LO2 MASSES}

CASE 1
Atlas TBU
Launch
Flight
MBA
CMECO1
CMES2
CMEC02
KMES1
KMECO1t
KMES2 t
KMECO2

Gravities
Payload

+Longt'l -Longt'l Lat'l

i. 9 -0.02 I.ii*

2.44 - 1.87

2.63 - 1.59

6.17 - 0.47

2.52 -2.7 0.80*

2.49 -0.74 0.74

2.69 -2.87 0.80

i.98 -0.58 0.59*

2.75 -3.35 0.60*

2.90 -0.58 0.59*

3.73 -3.23 0.60*

on maximum weight of each mass)(Based

LH2

+Longt'l -Longt'l Lat'l

2.16 -0.2 1.36"

2.53 - 1.15

2.98 - 1.34

6.34 - 0.64

2.87 -1.97 1.13"

2.78 -1.08 1.08

4.33 -2.22 1.13

2.21 -0.85 0.86*

1.86 -1.41 0.57*

1.53 -0.58 0.58*

0.89 -0.67 0.33*

LO 2

+Longt'l-Longt'l Lat'l

1.72 +0.06 0.97 *

2.36 - 0.63

2.41 - 0.80

6.06 - 0.36

2.18 -1.25 0.55*

2.24 -0.51 0.51

2.33 -1.19 0.55

1.78 -0.41 0.42*

1.09 -0.89 0.25*

1.31 -0.30 0.30*

0.36 -0.28 0.09*

CASE 4

Launch

Flight

CMECOI

CMES2

CMECO2

KMES1

KMECOI t

KMEC O2

0.37 - 0.28

0.42 - 0:28

0.60 -0.61 0.23*

0.44 -0.23 0.23*

0.82 -0.81 0.23*

0.38 -0.18 0.18"

0.88 -0.77 0.19"

1.05 -0.92 0.19"

2.49 - 1.31

2.98 - 1.50

3.15 -2.15 1.13"

3.23 -1.08 1.08"

3.64 -2.31 1.13"

2.65 -0.85 0.86*

2.14 -1.72 0.57*

1.47 -0.71 0.33*

2.35 - 0.73

2.41 - 0.94

2.47 -1.59 0.55*

2.76 -0.51 0.51"

2.72 -1.52 0.55*

2.15 -0.41 0.42*

1.49 -0.50 0.25*

0.43 -0.13 0.09*

CASE 7

Launch

Flight

CMES2

C MEC 02

KMES1

2.57 - 2.49#

2.64 - 1.42

2.47 -0.74 0.74*

2.57 -2.16 0.80*

2.16 -0.58 0.59*

2.56 - 1.21

2.98 - 1.35

2.81 -1.08 1.08"

2.57 -2.50# 1.13"

2.32 -0.86 0.86*

2:28 - 0.70

2.41 - 0.81

2.25 -0.51 0.51"

2.34 -1.48 0.55*

1.86 -0.41 0.42*

NOTES:

* "best guess", underlined numbers are most critical for 2-ring truss.

t Corrected to equiv, load on max. wt. LH2 acc x 610/1390, LO2 accX 2250/6130o

# Corrected toequiv, load LH 2 acc×220/1390, LO 2 accX290/6130.

* Case 4 payload acc x 300/3000 to make equiv, loads.

# If 3-ring truss is used (case 7) these values become more critical.

These loads are taken to be positive when accelerating forward, and negative when

accelerating backwards.
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The Liquid Hydrogen (LH2) tank load can be seen to be maximum of +6.34g's

(accelerating forward) at MBA while the greatest negative load is -2.31g's at Centaur

second MECO with the 300-pound payload (Case 4). As discussed more fully in Section

9, this -2.31g's was determined with a Mathematical Model (hiM) that does not permit

the liquid to leave its settled position at the bottom of the tank and therefore, cannot

be considered entirely valid. It is, however, considered conservative to design the

structure for such a load. This and the problem of Kick Stage Main Engine Start

(MES) with possible-unsettled propellants may require additional study. The maxi-

mum lateral load on the LH 2 mass occurs in the Mach 1 to Max q flight time with the

small payload (Case 4).

Liquid Oxygen (LO2) mass loads are similar to the LH 2 loads in the forward and

lateral directions. The worst reversed acceleration on the IX) 2 is at Centaur first

ME(X), 1.59 g's (Case 4). Only slightly less is the load at Centaur second MECO

(1.52 g's) and this may also be expected to unsettle the IX) 2 for Kick Stage start. The

negative IX) 2 loads for the heavy payloads are somewhat better with the smallest load

occurring with the 2-ring truss des'ign. It should be kept in mind that the loads in

Table 2-3 have been reduced in proportion to weight reduction for Kick Stage propel-

lant masses and also for the lightweight payload. In the case of the lateral load on the

LO2 mass it should be noted that the largest load in Table 2-3 is at the top, for Atlas

TBU, but this load is a "best guess" and very conservative. Since the flight load for

Case 4 was only slightly smaller, it was decided to use the more reliable (analytical)
value as most critical.

Acceleration loads on the engine are worst at Kick Stage second MECO. The maxi-

mum negative acceleration of 12.7 g's in Case 1 (see Table 2-1) is considered to be far

from critical since the gimbal and supporting structure are designed for engine thrust

which is much greater. The positive acceleration load of 11.77 g's in Case 4 may be

critical in gimbal tension. The "best guess" 3 g lateral load on the engine is only useful

in conjunction with other loads such as actuator loads, plumbing loads, etc. These

other loads on the engine may be important also in the longitudinal direction.

The other masses, in general, are similar to those mentioned except that they may

require design to almost 10 g's forward acceleration based on the Case 4, light payload,
maximum Kick Stage acceleration.

Accelerations are taken positive when acting forward and are quoted as "Design
Limit" values, not ultimate.

LO 2 mass loads and accelerations in this section are based on the group of 4

bottles acting as a whole. It may be advisable to increase the strength of the indivi-

dual bottles by using the higher environmental vibration load for single bottles, as
stated in Section 11.
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To explore the possible benefits to be obtained by increasing stiffness of the

Kick Stage/Payload structure, two additional MM were analyzed. The first of these,

MM 46B, shown next to last on the last page of Table 2-1, has a 300-pound payload

with a very stiff payload structure. The longitudinal frequency of the cantilevered

payload is 60 cps in this case. The model was analyzed at Kick Stage second MECO

and shows a considerable reduction in payload, forward ring, and LH2 mass response.

The second model (46C) with a beryllium-aluminum cruciform beam is shown last

in the table. This model has a 3000-pound payload and shows a sizeable reduction in

both payload and engine responses.

2.3 TRUSS LOADS

Truss loads in the form of lateral shears, moments and axial loads at Station 14

are included because of their possible importance in the design of the Kick Stage truss.

The general method of combining static, dynamic, and environmental components

to get totals is the same as for inertia loads. The reason for including the truss loads

in addition to the accelerations of the various masses is so that when all masses are

not moving in phase, the reduced loads in the truss would be available. It should be

clear that these truss loads should be the same or less than the equivalent of the in-

dividual mass accelerations.

A summary of the truss loads is shown in Table 2-4. It may be seen that for each

type of load, the Case 7 loads are the same or higher than Case 1. The Case 4 truss

loads are non-critical.

The situation regarding MM 32 and 33, with the forward ring tied to the nose

fairing at Station -48 (in SLV-3C) indicates that while the bending moments in the

truss are not higher than required for launch, the shear load is much higher. The

Case 1 shear load is 17.95 × 103 ib and the Case 7 shear load is 17.42 × 103 lb. (See

the third page of Table 2-1). Itseems that the nose fairing deflects far enough to ap-

ply considerable load to the truss. Ifthe truss loads above are not acceptable there

are two alternatives remaining: (1) replace the tie with a flexible link to result in

reduced truss loads or (2)test the nose fairing after fabrication to see if itmight be

stifferthan predicted. Otherwise, itseemsp the nose fairing tie should be discarded.

Positive axial loads are taken as compression.

2.4 CLEARANCE

The method of combining static, dynamic, and environmental clearance losses is

the same as for inertia loads. No factor of safety is included in these numbers;
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TABLE 2-4. TOTAL TRUSS LOADS AND CLEARANCE SUMiVLAIC_ _

CASE 1

Atlas TBU

Launch

Flight

MBA

C MEC Oi

CMES2

CMECO2

KMESl

KMECOI

KMES2

KMECO2

Truss Loads

Bending Axial Axial

Moment Shear Load+ Load-

106 in.-Ib 103 Ib 103 Ib 103 Ib

0.52*

0.95

0.72

0.16

0.22*

0.15

0.22

0.16"

0.15"

0.16"

0.13"

5.01"

6.69

5.84

1.93

3.03*

2.85

3.03

2.27*

2.22*

2.24*

1.46"

9.19

11.41

12.35

30.43

11.21

11.50

11.97

14.51

Ii. ii

11.75

13.53

-0.76

B

m

-6.86

-2.85

-6.34

-2.25

-6.75

-2.22

-6.45

Clea_ nce Lo_s

Payloat I F_'d. Ring

i_. i _,_.

0.77*

0.48

1.64

0.14

0.20

0. I0

0.72

0.03

m

CASE 4

Launch

Flight

CMECOI

CMES2

CMECO2

KMESI

KMECOI

KMECO2

0.24

0.25

0.22*

0.15"

0.22*

0.14"

0.11"

0.09*

2-.83

3.09

2.18"

1.94"

2.18"

1.56"

1.24"

1.06"

5.20

6.30

6.44

6.47

7.19

5.75

6.45

9.24

u

-4.43

-1.93

-6.18

-I. 53

-4.62

-3.64

0.26

1.47

0.10

0.72

CASE 7

Launch

Flight

CMES2

CMECO2

KMES1

1.23 #

0.64

0.15"

0.22*

0.16"

7.84 #

5.21

2.85*

3.03*

2.27*

11.85

12.35

11.40

11.95

9.56

m

-2.85

-5.28

-2.25

1.13

1.77 #

Underlined numbers are most critical for 2-ring truss.

* = "best guess"

# If 3-ring truss is used (case 7) these values become more critical

0.19

0.73 #
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they represent the clearance loss due to expected dynamic loads, with the exception

that the environmental vibration terms include a factor of conservatism of 1.5.

It appears in the analysis that the great bulk of the loss of clearance is due to

deflection of the nose fairing. In view of this, it seems reasonable that there is only

0.21 inches difference between Case 3 (most soft 2-ring with 3000-pound payload) and

Case 2S (stiffest 2-ring) with an average value of about 1.6 inches. The loss of

clearance is somewhat less with the 300-pound payload and larger with the 3-ring

design. Some values are shown for the basic cases in Table 2-4 and the remainder of

the data is in Table 2-1 at the end of this section.

It should be noted that loss of clearance of the payload as used in this report does

not include elastic deflection of parts of the payload.

2.5 RECOMMENDATIONS

The following items are presented in summary of the more important results

obtained.

1. The 2-ring truss is recommended over the 3-ring design because of lower

loads and clearance loss in many cases.

. The wall thickness of the truss tubes and the modulus of elasticity for the

tubes seems to make small differences in loads and clearances so that

these should be picked to optimize margins, weights and costs.

.

1

.

Q

The stiffer beryllium-aluminum criciform beam shows promise and should

be evaluated at the critical load conditions to judge its value.

Forward ring to nose fairing clearance should be 0.90 inches (1.25 F. O. S.

× 0.72} on the radius or 1.80 inches on the diameter, assuming that Cases 1

and 4 will be selected for the design.

The connection between the forward ring and the nose fairing should be consi-

dered only if the nose fairing can be shown to be stiffer than assumed or if a

soft spring can be considered to be feasible for connecting the two.

The truss loads presented should be used in preference to methods using

peak, in phase accelerations. This may result in considerable saving of

weight.
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. The problems related to unsettling the liquidpropellants should be considered

in greater depth. The work done in this study has established that the energy

stored in the elasticvehicle when released at Centaur and Kick Stage MECO

is sufficientto cause considerable disturbance in the liquids.

+ This is a preliminary analysis. It is recommended that, in the course of

development of Kick Stage, additional analyses be performed along the lines

of the work presented here and beyond.
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INF LUENCE COEFFICIENTS

AND

MATHEMATICAL MODE LS

This section covers the analysis of the influence coefficients of the Kick Stage

structure and the incorporation of these coefficients, as well as weight and geometric

data, to construct the Mathematical Models (MM) which are a fundamental tool through-

out this report. The modes based on these data for the various SLV-3C/Centaur/Kick

Stage configurations are presented in Section 4.

3.1 KICK STAGE INFLUENCE COEFFICIENTS

The analysis of Kick Stage included determining influence coefficients for the pri-

mary space truss structure, cruciform beam, and the oblate spheriod LH 2 tank and its

supporting conical shell. The associated lateral and longitudinal stiffnesses were de-

termined from the influence coefficients.

3.1.1 SPACE TRUSS. The longitudinal model influence coefficients for the truss

configurations were determined by methods compatible with the discussion below on
lateral influence coefficients, buthave been treated more simply as the average deflec-.

tion per unit longitudinal load because these longitudinal loads are uniformly distribu-

ted about the rings. There are only two longitudinal truss configurations required

(see Table 1-2). The truss was analyzed by a computer program (GDC Program 3231)

based on the displacement (stiffness) method presented in Reference 3-1 and 3-2. The

resulting stiffnesses are:

a. Case 1 Kequip support (K23) = 1.7972 × 105 lb/in.

Ktrus s (K37 or KT) = 9. 5662 × 105 lb/in.

b. Case 7 Kequip support = 1.0511 × 105 lb/in. Ktrus s = 2.0553 × 105 lb/in.

(See Section 1 for description of Kick Stage Cases.)

The lateral model influence coefficients were calculated from the point by point

influence coefficient data obtained from the same computer program. In this method

the circular rings were approximated by 16 equal straight segments, and the lateral

moment, M 1, and shear, P1, were applied at eight nodes of the payload ring for all

cases, and also at eight nodes of the forward ring, M2 and P2, for cases 1 and 7. The

moment distribution was taken linear with respect to distance from the neutral axis and

the shear distribution was taken to be sinusoidal about the circumference with only the

strut joints carrying the applied load. The data that resulted from the computer pro-

gram (3231) was in the form of deflections and rotations of 32 points (16 on each ring),

a total of 192 numbers for any given load. It was necessary because of computer size
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limitations to reduce this number of degrees of freedom so that the eigen-value problem

for the entire launch vehicle (the whole MM)could be solved. The method, discussed in

detail below, equates the total load and elastic energy of the complete truss model to

a simpler (fewer degree of freedom) model. The General Theory, presented first, is

more broad in application and results in an influence coefficient matrix for a rigid body

mounted on an elastic support intended to represent the original field of n general and

arbitrary points. The Special Theory (Section 3.1.1.2) is limited in application to the

problem of reducing the data for the whole truss to a 4 × 4 influence coefficient matrix

for lateral translations and rotations of 2 rigid but elastically coupled rings.

3.1.1.1 General Co-ordinate Transformation Theory. The matrix transformation
is a method for determining the generalized influence coefficients of n points on an

elastic body.

Let {P} be a load vector which may be partitioned into 3 parts; first, n terms for x

3n× 1 direction loads, second, n terms for the y direction, et

Let {&}l be a displacement vector similar to [P} such that c'_ _Jl 2 3__/ -a

= [p}
an×an

where [6] is the influence coefficient matrix. )

Let {[a} , ., ..
6Xl

be a generalized load vector consisting of the sum of forces in the x, y, and z directions

and the total moments acting about these axes.

Let [&} be a generalized displacement vector similar to {P} such that
6Xl

6x6

where [6] is the generalized influence coefficient matrix.

Since the energy stored in the elastic body is the same for the application of both loads

{P} and [P}, then

Energy= 1/2 [PJ'{a} = 1/2 [P}'[6][P} = 1/2[P}'[5] [P}.

From equilibrium considerations there also exists a transformation

[T]
3nX 6

such that

{P] = IT] [P}

where the columns of [T_ are the loads on the n points for unit loads in the generalized

coordinates. Also

3-2



[p}'

{P}' E l {r,j

FS] {#}

= [_} 'IT]'

= [P}'ET]'[6] [P}

= [P}'[TI'[6I[T][P]'

= IT]'[6] IT]

3. I. 1.2 Special Co-ordinate Transformation Theory. For this case of the lateral

deflections of the truss (due to shear load and bending moment) it was possible to mod-

ify the general theory and thereby produce a method that was much more efficient and

concise. For this special theory, four external loads were applied tothe truss, shear

and moment at the payload ring and also at the forward ring.

The node by node load vector [ P}

48x4

is a matrix which may be partitioned into 4 columns of 48 elements (numbers) each.

These four columns represent the external applied loads: shear at payload ring, P1;

moment at payload ring, M1; shear at forward ring, P-'2; and moment at forward ring,

M2, respectively. Further, the 48 elements of each column consist of 16 loads, one at
each of 16 nodes, on the truss in the x direction, 16 loads in the y direction, and 16 in

the z direction. Most of these loads are zeros. The node by node displacement vector

48x4

is a matrix giving the displacements of the nodes in a manner similar to vector [ P}.

Then the node by node influence coefficient matrix [6 ] is defined by the relation:
48 x48

{4} = fP} .
48x4 48x48 48x4

It follows, for the generalized co-ordinates, that:

[_} = [6"] x _'P},

4Xn 4x 4 4x n

where the generalized displacement [_} consists of n columns (for n load applications)

of 4 elements each. These elements of each column are the displacements of the pay-

load ring, as a whole, which is in the x direction, '%1; the rotation of the payload ring

about the y axis, _1; the displacement of the forward ring, in the x direction, A2; and

the rotation of the forward ring about the y axis, 82. The generalized influence coeffi-

cient elements are sho_, in the sketch accompanying Table 3-1. The derivation of the

generalized influence coefficient matrix is the same for this special theory as for the

general theory above, except that each term has a different meaning.

[6] = IT]' [63 IT]

4x4 4x48 48x48 48x4
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The transformation matrix [T] is defined by the relation:

[P} = IT] [P}o

48×n 48x4 4×n

It can be seen that each column of IT] is a load configuration for unit generalized load.

The value of each term of the IT] matrix is shown in Table 3-2 as an aid in under-

standing the method.

The computer solution results in node by node deflections for each external unit

generalized load applied one at a time. These computer results are the elements of

the matrix product [6] [T] .

48x48 48x4

l>remultiplying by IT] ' gives

[G]
4x4

which is the generalized influence coefficient matrix for the truss. The matrix equation

and the values of the elements obtained are shown in Table 3-1.

3.1.2 CRUCIFORM BEAM AND AFT RING. The influence coefficients for the

longitudinal model for the cruciform beam and the aft ring were calculated (using the

program based on Reference 3-1 and 3-2) for two cases: first, with the Kick Stage

adapter attached, so that the aft ring was considered rigid; and second, without the

Kick Stage adapter, so that the aft ring was considered flexible. The stiffness of the

criciform beam was considered to be independent of the aft ring. These influence co-

efficients are summarized in Table 3-3.

3. i.3 LIQUID HYDROGEN (LH 2) TANK AND CONICAL SUPPORT. An assumption

was made that the LH 2 tank flexibilitycan be included by scaling the properties of the

Centaur Liquid Oxygen (LO 2) tank. This procedure results in the LH2 tank flexibilityin

the longitudinaldirection being about ten times more flexiblethan the supporting con-

ical adapter between the tank and the forward ring.

The theory of thin-walled tanks indicates that the stiffness effective in supporting

the liquid mass is dependent only on the product of the modulus of elasticity times the

skin thickness. The size of the tank, if the shape is constant, does not matter.

The Centaur tank was considered to have a spring constant of 1.32 x 106 lb/in, and an

Et of 0.54 x 106 (E = 27 x 106 and t = 0. 020 in. }. Since the Kick Stage LH 2 tank has an

Et of 0.35x 106 (E = 107, t = 0.035 in., aluminum) its longitudinal stiffness was deter-

mined to be 0.857 x 106 lb/in. The stiffness of the conical support was determined to

12.31x 106 lb/in.
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TABLE 3-2. TRANSFORMATIONMATRIX ELEMENTS FOR SPECIAL THEORY
i

[T_ =

TI,1 Tlt2 T1,3 T1,4

T48,1 T48,4

T2, 1 = +. 125

T3, 1 = +. 25

T4, 1 = +. 125

T6, 1 = +. 125

T7, 1 = +. 25

T8, 1 = +. 125

T18, 1 = -. 125

T20, 1 = +. 125

T22, 1 = -. 125

T24, 1 = +. 125

T33, 2 = -. 00769

T34, 2 = -. 00544

T36, 2 = +. 00544

T37, 2 = +. 00769

T38, 2 = +. 00544

T40, 2 = -. 00544

All other elements are zero.

T9, 3

TI0, 3

TII, 3

T12,3

T13, 3

TI4, 3

T15,3

T16,3

T25,3

T26,3

T27,3

T28, 3

T29, 3

T30, 3

T31, 3

T32, 3

= +. 0366

= +. 2134

= +. 2134

= +. 0366

= +. 0366

= +. 2134

= +. 2134

= +. 03 66

= -. 0884

- "-. 0884

= +. 0884

= +. 0884

= -. 0884

= -. 0884

= +. 0884

= +. 0884

T41,4

T42,4

T43,4

T44,4

T45,4

T46,4

T47,4

T48,4

= -.003850

= -.001595

= +.001595

= +.003850

= +.003850

= +.001595

= -.001595

= -.003850
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TABLE 3-3. CRUCIFORM BEAM AND AFT RING INFLUENCE COEFFICIENTS

8

RING

7 9

LO2
ATTACH POINTS-
TYPICAL

CRUCIFORM BEAM INFLUENCE COEFFICIENTS (E = 10.3× 106)

511 = 2. 6527 x 10-5 in./lb

= 5t3 = 1.5319x 10 -5 in./lb

514 = 1.2911× I0-5 in./Ib

61s = 2.3165x 10-5 in./Ib

6ss = 3.5029x 10-5 in./Ib

AFT RING INFLUENCE COEFFICIENTS

6_ = 4.551 x 10 -4 in./lb

5_ = 5_ = -2.491x10 -4 in./lb

6_ = 1.765x10 -4 in./lb
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3.2 MATHEMATICAL MODELS

The MM used in this analysis were developed from current SLV-3C/Centaur weight

and stiffness data. Kick Stage weights were obtained from Table 1-3 and stiffnesses

were calculated from influence coefficient data. With this data the longitudinal and

lateral models, Figures 3-1 and 3-2, were constructed. A description of each of the

MM is contained in Table 1-2.

3.2.1 LONGITUDINAL MODEL. The spring between nodes 1 and 2, Table 3-4,

was designed for a 20 cps primitive payload frequency. (a primitive frequency is the

frequency for a part of a system when the part is clamped at its base, in this case

clamped at node 2). The 2-3 spring was calculated from Section 3.1.1. Spring 3-4

was calculated from

K3-4 - KLH Kc
KLM + Kc

where

Kc = AE/L

the stiffness of the conical support, and KL M is the stiffness calculated as outlined in

Section 3.1.3. The flexibility matrix (of springs connecting the rest of the Kick Stage)

was determined from the following equations:

_(3/2)KT Kez (Ks2+ 2Kea)
Kas -

(Denominator)

K$6
KT Ks_ Ks2

(Denominator)

1
2K_ K_ (Ks:+ Ke_+2KB3)- 2KTKe;Ksa +__KT

K3 _ = (Denominator) 2

K58 =

K57 --

3KezKs2(K,+2KR)

(Denominator)

31QI(K_Ka_+6KRKs3+Ks2 K,)

(Denominator)

4Ks_Ka3 (2KR +K,) + 2IQ_Ks2(Ks3- K_ )
K8 _ = (Denominator)
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where

Denominator = 4(KR +KT)(Ket +Ke_ +2KB3) + Ksz(Ks2 +2Kaa)

Ks1 = 4/(5_1+ 5_$+ 5_+ 5_1- 451s)

Ke2 = 1/(6 ss-Sm)

Kss = 1/25_5

KR = 41(568 + 567 + 8Ss + 569)

Kr from Section 3.1.1

Current SLV-3C/Centaur stiffnesses were used in all the remaining springs of Table

3-4.

The weights lumped at nodes 1 through 6, Table 3-5 of the longitudinal model are

prescribed in Table 1-3. Node 7 includes 290 pounds of aft ring and beam, 2200 pounds

of nose fairing, and 1/2 of the Kick Stage adaptor. Existing Centaur weights were

adjusted at Node 8 to account for configuration differences, and 1/2 of the Kick Stage

adaptor was lumped at this node. The insulation panels, 1200 pounds, were lumped at

nodes 8 and 10, and the SLV-3C/Centaur interstage adaptor, 1133 pounds, was lumped

at nodes i0 and 14. The LH 2 (250 pound)and LO 2 (1254 pound)for models 34,36, and 37

were lumped at nodes 10 and 12, respectively. Node 18 includes 11, 400 pounds of RPl

and node 20 includes 3590 pounds of launcher. SLV-3C propellants for models 1, 2,4,

and 6 were off-loaded in order to give a liftoff thrust-to-weight ratio of 1.2 based on

390,328 pounds of thrust. The remaining weights of Table 3-5 were obtained from

current SLV-3C/Centaur data.

3.2.2 LATERAL MODEL. The payload support structure lateral stiffness between

nodes 70 and 71, Table 3-6, was based on a 20 cps cantilevered response. The stiff-

ness, K = m_ _, is also given by

K = 5 3_ KAG

Assume the bendkng flexibility, £3/3EI, equals the shear flexibility £/KAG, then

EI = 2a_2mZ3/3

KAG = 2a_2m£

The lateral stiffness of the truss was based on the beam system of Figure 3-3..

This beam model was chosen because it satisfied the negative coupling requirements

that exist between the payload ring and the forward ring. The term "negative coupling"

is used to mean that the rotation at the end of the truss due to shear load is opposite to
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that found in simple beam theory. (Seeterms 6_t and 01p 1 in Table 3-1.) It is nec-

essary to use a beam system to represent the truss because of input requirements for

the computer program used. The cantilevered influence coefficients of the forward bay

are given by

- +24EI---%÷ SEI 

8EI_ _ + 2 EI----_

Because C 1

of the forward bay.

bay

= C21 we can say Cll, Cm, and C22 represent three structural properties

The three chosen were EI t, EI2, and KAG. Similarly for the aft

Again the three structural properties represented by the influence coefficient matrix

were chosen as EIz, EI2, and KAG. The deflections and rotations (Figure 3-3) of the

overall beam model of the truss are given by

- (_= = (Pz+P_) C11 + M-I + M-2 +-_-- I

02 = (Pl+p_) C2t + M2+_ + M]. C2e

}_t = A2 +_-92+ PICtl + M1CI_

91 = 92 + PlCat + MtC22

written in matrix form

91

A2

8_

(C_ + C2_) C-z_ C_

l-
P_,

m--

IM_

It should be noted that the above matrix has only six independent variables (the lengths

are considered fixed by the geometry) and that these six variables are determinable
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from only the two left rows of the matrix. This means that it is sufficient to evaluate

the chosen beam model by considering the deformations of the truss caused only by

loads at the payload ring. This has been done. In order to evaluate the errors due to

this simplified approach, Cases 1 and 7 were analyzed for loads applied to the forward

ring also as shown in Table 3-1.

Errors in the beam representation of the truss were determined by term by term

comparisons of the above matrix and the one shown on Page 3-4. The two left rows are

exact because they were set equal to determine the beam properties. The upper-right

(4 x 4) quarter must also be exact because of symmetry. The lower-right (4 x4) quarter

matrix has been found by comparison to be equal (to at least four significant figures)

except for the _2M2 term. This value fromTable 3-1 is 4.970x 10 -10 (for Case 1) and

is 6. 227x 10 -10 (_-_2) for the beam model. This discrepancy was not considered im-

portant enough to justify the complication of bringing the two terms into agreement

(and the risk of exceeding the computer program capacity). The following relations are

helpful in determining the beam properties in the mathematical models and are the

same as in Figure 3-3. EI1 = EI72-v_, EI2 = EI72-T1, KAG = KAG_2-Ta = KAG72-T1,

EI1 = EI_-_9, EI_ = EIT_-_s, andKAG=KAGvs-vg=KAGT3-v_.

The lateral bending stiffness between nodes 73 and 74 (the LH 2 tank support cone)

was calculated from

EI = -_ R4E
4

where R is the radius of the conical support and E = 16× 106 psi. The shear stiffness

of the cone was estimated since it is no doubt quite stiff by comparison to the other

parts of the model.

The lateral stiffness of the Kick Stage adaptor, nodes 79-76, 76-10, 10-11, and

11-15 were specified by LeRC as noted in Section 1. Kick Stage adaptor stiffness was

used between nodes 79 and 76 because of the aft ring which occupies most of that dis-

tance.

This yielded a relatively stiff model between the nodes and also lumped the weight

of the aft ring and beam at the correct station number.

The lateral bending stiffness between nodes 76 and 77 accounted for rotary inertia

of the LO 2 bottles attached to the cruciform beam. The LO 2 bottles are located a

distance r from the centerline of the missile. The antisymmetric, second, bending

mode of the cruciform beam has a natural frequency of 46.1 cps, as determined by a

computer solution. For a rotary vibrating mass it follows that:

o_2= K0
I0

where

EI
and I 0 = 2mr 2KS-
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therefore

EI_e-_ = 2mr2£uj 2

where _ is the distance betweennodes 76 and 77 and m is an effective mass of 357
pounds. The shear stiffness was calculated such that the deflection due to shear was
1/10 that due to bending, and by doing so, this may compensate for local flexibility of
the bottles and their supports. This yields the following expression:

3OEI
KAG 76-_ = g 2

The engine stiffness properties, node 77-78, were taken to be one half of the cur-

rent Centaur engine values since the Centaur analysis includes the stiffness of t_vo

engines.

The lateral bending and shear stiffnesses of the nose fairing were taken to be equal

to the stiffnesses of the current Surveyor nose fairing.

The stiffness of the translational spring between nodes 73 and 8 (the forward ring

to nose fairing tie for models 32 and 33 only) was designed such that the relative motion

of these two nodes was small.

The remaining lateral bending and shear stiffnesses were the same as current

SLV-3C/Centaur stiffnesses. The lateral stiffness properties for all configurations

considered are summarized in Table 3-6. Where two values of EI or KAG appear for

one connecting node, the first value is a beginning stiffness and the second value is an

ending stiffness for a beam of non-uniform stiffness. Where only one value appears,

then the stiffness is constant o_er the length of the beam element.

The weight distribution for the lateral models are summarized in Table 3-7.

Kick Stage weights are lumped at nodes 70 through 79 and are the same weights as

those used for the longitudinal model.

the

The SLV-3C propellants were off-loaded such that a thrust-to-weight ratio of 1.2

existed for models 3, 5, and 7.

The weight distribution in models 3, 5, and 7 include slosh weight, where slosh

weight is that portion of vehicle propellants which can be considered to slosh. For

lateral models 8 through 33 slosh weight is not included in the weight distribution.
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VIBRATION MODES

This section presents a discussion of the method used to obtain modal data for

the longitudinal and lateral models described in Sections 1 and 3. Modal data is pre-
sented for selected models based on mass and stiffness data of Section 3.

4.1 METHOD OF SOLUTION

Natural modes, frequencies, and generalized masses were determined by a digital

computer program, Reference 4-1, which uses the weight and flexibility data contained

in a mathematical model as well as a coding method to indicate which springs and

masses are connected. The same program is used for both longitudinal and lateral

modes. The program computes the natural vibrational modes and frequencies for a

one-dimensional system consisting of beams, translational springs, and rotational

springs. The effect of shear stiffness as well as bending stiffness is included. The

structure for which modes are desired must be represented as a group of lumped

masses and/or mass inertias connected by beams and/or springs. The program can

solve either a free-free case (every point is free to translate and rotate) or a fixed

case (at least one point cannot translate and/or rotate). Axial loading of the beam can

be included, but only if the stiffness (cross-sectional area) of each beam element is

constant. The program is of an intermediate nature; that is, data are collected and

arranged for input, modes obtained as output, and the modes used as input to struc-

tural load programs and to stability analysis programs. This program is not directly

connected to other programs. However, many special printed and punched outputs are

available for use as input directly into other programs.

In matrix form, the set of differential equations describing an undamped free

vibration system are

where

[M] = mass matrix

[K] = stiffness matrix

{_ } = generalized acceleration vector

{q } = generalized displacement vector

(4-i)
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Assuming simple harmonic motion of the form

{q} = {tbi cos OJt

Equation 4-1 becomes

(4-2)

Making the substitutions k = 1/o_ 2 and [E] = [K] -1, Equation 4-2 becomes

(4-3)

Equation 4-3 is now solved for the eigenvaiues )t and the eigenvectors {$}. In
Equation 4-3

[Z] [M] is the dynamic matrix

= 1/v/_ - is the circular frequency

{qJt isa mode shape

It is easier to invert the mass matrix than the stiffness matrix. However, the

highest frequency (lowest eigenvalue) would be obtained first. Thus it would be nec-

essary to obtain all the eigenvalues in order to obtain the lowest frequency. For this

reason, the more laborious route of inverting the stiffness matrix is used. Since the

lowest frequencies are those usually desired, they can be obtained without obtaining

all the eigenvalues.

The computer program also computes the generalized mass for a given mode:

.1 1• .jl l
This term is useful in computing structural response.

4.2 MODAL DATA

Selected modal data for all Centaur/Kick Stage longitudinal models are presented

in Tables 4-1 and 4-2 for the first and second modes. These tables include the modal

frequency, generalized mass, and modal displacements at significant Kick Stage

masses and at the Centaur engine. Modes have in general been normalized to the

largest modal amplitude.
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Tables 4-3 through 4-38 present complete generalized mass, natural frequency,

modal displacement, and modal slope data for the first 5 modes for math models

1, 2, 3, 10, 17, 32, 33, 34, 35, 42, 45, and 46.

In Tables 4-1 and 4-2, models 46B and 46C are for special variations on Kick Stage

and payload stiffnesses. Model 46B has a 60 cps longitudinal payload natural frequency

while all other longitudinal models had an uncoupled payload longitudinal natural fre-

quency of 20 cps. Model 46C is a model with a cruciform beam having a modulus of

elasticity of E = 30 x 106; all other models were for Kick Stage cruciform beams with

E = 10.3 x 106 psi.

TABLE 4-1. SELECTED CENTAUR KICK STAGE MODAL DATA, FIRST MODE

Payload

Weight

Condition* (Ib)

CMES2 3000

CMES2 300

CM ES 2 3000

CMEC02 3000

CMECO2 300

CME(X) 2 3000

KMES 1 3000

KMES ! 300

KM ES 1 3000

KMECO 1 3000

KMEOOi 300

KMEOO2 3000

KMECO2 300

KMECO2 300

KMEOO2 3000

NOTE:

* CMES2

Gent' zd

Mass

lb-sec 2 Frequency

Model in. (cps)

•34 7.90 13.7

36 6.32 14.8

37 12.2 11.9

38 8.75 13.8

40 5.90 15. 8

41 12.6 11.9

42 11.3 14.4

43 0. 970 18.4

44 13. 5 11.9

45 5. 19 16.8

45A 0. 912 19.2

48 1.82 21.7

46A 0. 966 20.5

46B 6.02 29.0

46C 5.38 24.8

= Centaur Second Main Engine Start

CMECO2 = Centaur Second Main Engine Cutoff

KMES2 = Kick Stage Second Main Engine Start

KMECO2 = Klck Stage Second Main Engine Cutoff

Payload

-0. 637

-0. 448

1. 000

-0. 732

-0. 807

1. 000

-0. 933

1. 000

-0. 994

-0, 558

1. 000

-0. 248

1. 000

1. 000

-0. 477

Modal N.D.

Kick Stage

LH2

•-0. 124

-0. 181

0. 196

-0. 136

-0. 263

0. 194

-0. 104

0. 0892

-0. 197

0. 120

0. 0098

0. 239

-0. 112

0. 492

0. 726

Amplitude,

Kick Stage

I-D2

O. 451

O. 405

-0. 434

O. 448

O. 368

-0. 463

O. 452

-0. 0706

0. 511

0. 538

-0. 109

O. 556

-0. 215

-0. 529

1. 000

Kick Stage

Engine

1. 000

1. 000

-0. 819

1. 000

1. 000

-0. 875

1. 000

-2.32

1. 000

1. 000

-0. 243

1. 000

-0. 357

-2.02

1.32

Centaur

Engines

-0. 168

-0. 459

-0. 110

-0. 129

-0. 458

-0. 093
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TABLE 4-2. SELECTED CENTAUR KICK STAGEMODAL DATA, SECONDMODE

Payload

Weight

Condition* ([b)

CM ES 2 3000

CM ES 2 300

CM ES 2 3000

CMECO2 3000

CMECO2 300

CMEOO2 3000

KMES I 3000

KMES l 300

KMES I 3000

KMECO ! 3000

KME OO 1 3OO

KMECO2 3000

KMEOO2 300

KMECO2 300

KMECO2 3000

Model

34

36

37

38

40

41

42

43

44

45

45A

46

46A

46B

46C

Genl'zd

Mass

Ib-sec 2 Frequency

in. (cps)

19.96 16.4

0. 853 19, 1

9.66 15.5

14, 5 18.2

0. 899 19. 5

8.82 17.3

4.24 30.2

4, 86 25.6

6.40 27. l

"2.60 35, 7

7, 18 29.6

3.46 40.5

6.10 32.3

1. 59 57.9

4.14 ' 55.8

Payload

-0.954

i. 000

0. 321

-0. 721

1. 000

0. 341

0.256

1. 000

O. 332

O. 174

-0. 840

O. 209

-0. 626

I. 000

-0. 133

Modal Amplitude, N.D.

Kick Stage Kick Stage Kick Stage

LH 2 LO2 Engine

O. 152

O. 0168

-0. 115

O. 313

-0. 0221

-0. 233

-0,777

-0. 723

-i. 04

-0.710

0. 975

-I. 01

0. 879

-0. 600

I. 000

-0. 289

-0. 0009

O. 379

-0. 272

O. 0182

O. 318

O. 0554

O. 136

O. 0770

-0. 0136

-0. 214

-0. 243

-0. 232

-0. 306

-0. 055

-0. 832

-0. 0035

1. 000

-0. 942

0. 0726

1. 000

1. 000

1.05

1. 000

1. 000

-I. 74

I. 000

- I. 891

0. 315

-I. 38

NOTE:

*CMES2 = Centaur'Second Main Engi'ne'Start

CMEO02 = Centaur Second Main Engine Cutoff

KMES2 = Kick Stage Second Main Engine Start

KMEOO2 = Kick Stage Second Main Engine Cutoff

Centaur

Engine8

I. 000

-0. 0831

-0.706

I. 000

-0. 119

-0.781
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TABLE 4-3. LONGITUDINAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 1

Mode 1 2 3 4 5

Generalized

Mass

lb-sec2/in. 568.54 78. 934 47. 786 8. 5741 10. 002

Natural

F requen cy

(cps)

Node

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

2. 5983

Deflection

in./in.

6. 8806-01"

6. 7647-01

6. 6741-01

6. 6821-01

6. 9061-01

7. 1668-01

6. 6495-01

6. 5142-01

6. 4827-01

6. 4095-01

6. 4254-01

6. 4754-01

6. 4755-01

6. 2540-01

1. 0000-00

4. 9728-01

4. 4801-01

4.0294-01

4. 0338-01

2. 8708-01

5. 6641-03

0.

6.2415

Deflection

in./in.

7. 9038-01

7. 1358-01

6. 5411-01

6. 5866-01

8. 1748-01

1. 0000-00

6. 3865-01

5. 5166-01

5.2579-01

4. 8676-01

4. 9387-01

5. 1661-01

5. 1668-01

4. 0784-01

-1. 7225-01

2. 3822-01

3. 0246-01

2. 2650-01

2.2795-01

1. 6410-01

3.2526-03

0.

8. 6354

Deflection

in./in.

6.2385-01

5.0781-01

4. 1898-01

4.2460-01

6.9460-01

1.0000-00

3.9700-01

2.6702-01

2. 1773-01

1. 7455-01

1. 7953-01

1. 9582-01

1. 9588-01

9. 4419-02

2. 2358-02

-1. 7245-01

-3. 9070-01

-2. 2599-01

-2. 2876-01

-1. 6684-01

-3. 3239-03

0.

12. 843

Deflection

in./in.

-1. 8039-02

-1. 0616-02

-5. 1013-03

-5.2551-03

4. 8802-01

1. 0000-00

-3. 9208-03

-1. 1504-01

-1. 9102-01

-1. 8020-01

-1. 9221-01

-2. 3397-01

-2. 3411-01

-1. 3986-01

5. 1431-03

- 1. 5984-02

4.1540.02

5.2106-03

5.3544-03

4.0422-03

8. 1587-05

0.

NOTE:

*6. 8806-01 = 6.8806 x I0-I

14.224

Deflection

in./in.

1. 0000+00

4.9532-01

1. 2501-01

1. 2967-01

-1. 8882-01

-4.3996-01

5. 1077-02

-4. 1554-02

-1._)075-01

-9. 8023-02

-1. 0623-01

-1. 3553-01

-1. 3564-01

-7.7198-02

2. 4560-03

-1. 2184-02

1. 7347-02

-1. 2347-03

-1. 2767-03

-9. 7835-04

-1. 9854-05

0.
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TABLE 4-4. LONGITUDINAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 2

Mode

Generalized

Mass

Ib-sec2/in.

Natural

Frequency

(cps)
Node

No.

1

2

3

4

5

6

7

8

9

10

ii

12

13

14

15

16

17

18

19

20

300.96

5.3321

33.870

7.9974

3

8.5431

12. 842

4

10.004

14.224

49. 637

24.826

Deflection Deflection Deflection Deflection Deflection

in./in, in./in, in./in, in./in, in./in.

-1. 7436-02

-1. 0263-02

-4. 9338-03

-5. 0825-03

4. 8809-01

1. 0000-00

-3. 7929-03

-1. 1499-01.

-1. 9100-01

-I. 8020-01

-1. 9221-01

-2. 3395-01

-2. 3410-01

-1. 3991-01

5.1610-03

-1. 6208-02

I. 0000

4. 9532-01

I. 2502-01

1. 2967-01

-1. 8887-01

-4. 4006-01

5. 1086-02

-4.1534-02

-1. 0072-01

-9. 7997-02

-i. 0621-01

-1. 3550-01

-1. 3560-01

-7. 7184-02

2. 4569-03

-i. 2207-02

8. 4278-01

7. 8301-01

7. 3657-01

7. 4031-01

8. 6087-01

1. 0000-00

7. 2433-01

6. 5605-01

6. 3725-01

6. 0446-01

6. 1086-01

6. 3122-01

6. 3129-01

5. 3698-01

-5. 3682-01

5. 0227-01

6. 7269-01

5. 6536-01

4. 8293-01

4. 8847-01

7. 2785-01

1. 0000-00

4. 6222-01

3. 4210-01

2. 9962-01

2. 5534-01

2. 6155-01

Q

2. 8173-01

2. 8180-01

1.7052-01

4.8124-03

-9. 6586-02

3. 9329-02

5.3641-03

5. 5121-03

5.8231-03

1.7790-02

-1.3779-03

-1.4248-03

-1.5254-03

-2. 3211-01

-i. 5763-01

-i. 5929-01

-1. 6260-01

6.8315-01

5.8710-01

5.8983-01

5.9519-01

4.8066-02

-2. 5832-02

-7.2462-02

-8.1362-02

1. 5301-02

1.1410-01

-7.2939-02

-6.5027-02

-i. 1627-01

-3. 9978-02

-5. 4931-02

-1.3038-01

-1.3069.01

6.6492-02

-7.6991-03

4.2684-01

-2. 2395-01

7. 0542-01

7. 8414-01

1.0000-00
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TABLE 4-5. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

Mode 1

Generalized Mass = 30.307

Frequency = 1.5623 cps

lb-sec2/in.

Node Station

No. No.

_7no ",

,', -1 00o_

"- •

o -!.n

_t. ?no O

'%'-_ -1 ] ,'-o0

7/., -'_z.,.o 0

75 -17._

70 IZ+.3

77 760_

7F_ 62,0

12 12?,0

!_ ]41.0

14o.e

1 -t 22o°0

I _ 20". ?

_n ?24,0

?l _6].n

_6 "¢.97. "

&7 &rg.

LR %2A®7

_3 &1 re.e,

?_ A40oO

_F z.7.'.,0

?6 _C.% n

'_'t _o._

")..R 547.2

_° 5q1.7.!

' ....... 6_7", 7 ........ --_t,_6 _ CF.-OI

Deflection

X, OOr'C_ C'.O

o.4760F-01

q. 7724E-C_

7. oO_AF-Ol

7.4o_CE-?!

7o1057=-01

6o _454F-01..

5,6677F-Ci

4o S66?E-O. I.

4o _ 077F_-OI

_,740_-_] _

?. O60?E-OI

2.2rl6OE-O!

7.80,q OE-OI

6,254qF-21

6. RgoQE-n.1

5,6_8_.E-0!

5,46_.5F-01

5,1414E-01

4.50ZTF-_I

4,&ISLE-01

_. _63 7F_-OI

2, R627E-nl

2,SqlFE-OI

2,477" F- 01

!, 7506E-0]_

!,?_oPF-ol

._,6 5! Z+E-02

4o°383E-02

I, 4o66F.-02_

-2,336 OE-02
-?, 021 6E-O_

-4,656_F-O2

-6,0377F.-02

-q, lql IE-O2

-4, _982E-02

-7. 3032F-Q2

-o, 6937.E-02

-I , 143_ E-_I.

-I, "_29_E-0!

-I,4131E-OI

-I, 5_IF-OI

-!. 6 R64E-OI

-I. 721 6E-Of

Bending

Slope

rad./in.

• -'_ ._1,6_4. F-O'_

1.6217E-03

1,6155E-03

!,&OBOF-O_

I, 5044E-03

1.60.12F-09

1,5_22E-03

.1,58"_7F-O_

I, 5_77E-09

!. _RoF-33

I, 5295E-0_

I, 4.R39 F-O3

I, 42 32E-03

2. O_?IF.-03

2,0354E-03

I, S4SOE-03

1,613!E-D3

1,6!31E-03

I. 57_0E-03
I,'5509E-03

1, 5327F-03

I, 5_25E-03

I, 4236E-03

I, 4236E-03

1.4234E-OB

1,35COE-03

!. 200S E-03

1.1O98E-03

1. 1130E-05

1o 01"tQE-03

q. _g26E-O_

8,8925E-0_

q,8953E-O_

8,8761_-04

e. 896_-0%

8,9177E-04

7.563SE-0¢
6, 8107E-0_.

6, 14qOE-04

5,313qF-04

4, PTq6 E-06.

3, S_97E-04

I, 7553E-04

-5, gl 7&.E-05

-l, SqgSE-04

Total**

Slope

rad,/in.

1,7853E-03

1.753Z,.E-C3

I ,7620E-O- _

1,7011E-03

1,5893E-03

1,6825E-03

],6926E-03

1,70_7E-0_.

1.7043E-0?

I.$138E-07

1,5821F-03

1,468Z_E-03

2, i 14(}E-03

2,S352E-03

1, _45_E-0__

1,6797F-03

1,6131E-03

I,7464E-03

1,6563E-03

1,5320E-03

1.5291E-C3

1,4288E-03

._.,4-269E-03

1.4278E-03

1,4376E-03

I .3699E-03

1,2800E-03

1.1938E-03

1,0991E-03

9,2216E-04

8,8 907E-OZ,

8,9183F. -04

8,qOTSE-34

8,gO40E-04

8,7948F-04

8,0403E-04

7,2863E-0_

6,623!E-04

5,7865E-04

5,3832F-04

4,3152E-06

!,9820E-04

-6,28 99F_-05

-2, 1213E-04.
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TABLE 4-5. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

(CONTINUED)

lb-sec2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

-t ° _ogA_-0.1.* '3° 13B?F-04 -_.4q_E-Ca

-! °z_787E-_! -&o 2677E-04 -4o74&3g-04

-1°:2 _-n] -_o330!E-04 -5oC?-_]_-C4

-1.! 3_E-01 -6° S_S4E-04 -7,O_OE-C 4

-9°]@Q6E-02 -7.2'I#E-04 -7°9947E-OL

-_° 70 A3[':-Oz -_,015] F-r)4 --_,7576_-04

--4,0636E- 02 - q, ._29E-04 -9° 3 A .OSE-(;a

-I ° 262 OE-O_ -Oo 1737E-04 _o. 84aBE_04

!. _ _F-O -° -0° 6! 63 E-04 -!. P :_I E-O?

4,_544E-02 -q, qO52E-O4 -_ . C/+TE E-C _

7, 6_2 qE-O_ -1.01 _ 2E-03 -]. 072£E-'_

to 114 5E-01 - 1.o0421 E-03 -l.O 9 IBE-O 3

I, 4657E-Of -I, 05o7E-03 -],i 0 23E-03

1 o a303 E-Of -!° O"I 7E- 03 -! ° 1061E-03

?, 18°7E-0] -1° 07oi E-03 -1 ° I045E-03

__,3 053E-O..1 -I° O_ 05E-.09 -i, OO2gE-C 3

?_606 4E-OI -t, 0821E-03 -I.3918E-C3

?, 771 4E-01 - l° 09 24E-03" -i. COI7E-OB

3. Ol 5 IE-OI -I, 0828E-03 -I. 0965E-03

3°1464E-01 -I°OSBIE-O3 -1.0944E-03

3° 1464E-01 - l, 7342E-03 -I • B 343 E-OB

B, 5467E-01 -], 3343E-03 -Io 33"- _E-O 3

?° 5 Q8 6E-01 -t, On 20E-03 -I •0877E-03

2•7727F-01 -I•0826E-03 -]•0885E-03

"_.OQOZE-Cl -l.O_ 31F-03 -I.C 943E-07

3. !6_IF-C] -I.0832E-03 -!.OqB!E-03

3•4O22E-01 -I. Cq35E-03 -I.CR_6E-03

7_°7639=-01 -I ° OR _6E-03 -i .0 857E-OB

?. 5852E-01 -I° 1696E-03 -!. 16_ :_E-n3

Zo 777_ IE-OI -!, 1586E-03 -! • 1683E-03

_. 1226E-C! -Io 15 qSE-O 3 -I o 16RSE-03

_. ! °2 RF-_nl -]. 1688E-03 -I • i 5 92F-03

3, 192 RE-O1 -t, 26-7"E-03 -1,247_E-03

3. 5671E-01 -I. 2_.76E-03 -I ,2479F-9 3

Mode 1

Generalized Mass = 30. 307

Frequency = i. 5623 cps

Node Station

No. No.

_t/+ 7AI° _

"_5 790°]

38 877.5

_0 O'_7®A

41 °$2.6
42 eOt_•_

49 107_•0

_4 !057°0

_=5 1090° 0
a6 _ 127.5

a7 1133.0

4_ !!60.5

&o. I17R.7

_0 1!qF_,9

5l l_!O,n

5# 1.210,0

=5_ lP4O_O
_6 I]60.0

5R _ .176.0

_6 lPeT. "

57 1212.0

5F_ !.242,0

60 1967•t )

AO I160•0

61 1176.0

A_ 1212.9

6t, .121 ?,0

A_ !242.3

• I. 5986E-01 = I. 5986 x I0 -I

**Includes bending and shear slope
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TABLE 4-6. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

Mode 2

Generalized Mass = 31.268

Frequency = 3.8254 cps

Node S_tion

No. No.

1 -_nC°_

-2 30° 5

a -!m0._

= -)S6.0

6 -1330o

q -4_.0

Q -1.._

76 2n°O

II !lq.9

-- _70 I .....0

71 -_2.0

72 -ITA.O

73 -4n.9

74 • --3&°3
75 --17°0

vv 26,0

78 6_°0

12 !_?.9

1_ !41..0

14 _gO.0

16 _ °O.0

! 7 2_0.0

!q 264. C

!9 2q4o0

?I _61°0
_q 3_7®0

86 3q7°0

AT 402.5

_8 4_6.7

22 3_7.3

79 41C°0

24 440.0

_5 474,_

97 qlO°n

_8 54_,q

30 F44°6

_1 673.7

Ib-sec2/in.

Deflection

_..?OOGE O0

O. 067a QE-O1

7. V_C! E-O1

s.30olC-O1

5o 6907_--_].

=.O001F-91

a° 6260[:-nl
2.70_ 7F-91

1.42_2F-01

q,, 6_ 5E-02

-!.Sa_2E-O2

-I. !33qE-O!

-2.0014E-0!

7. 5440E-01

3.72>5E-01

5,0_27E-01

2.R389E-OI

2o _!2 iE-nl

I • _S 3E- _I

O. 0777E-02

7.&7_zE-CZ

_°IqZlE-C_

-Io_466=-01

-I.&!75E-OI

-1.7315_-01

-2. 472 3E-_I

_9.q487_-01

-3,1 807E-91

-3° 3672E-01

-_. 4578_-01

-3,4329=-01

-3,5678_-01

-3,36_c-01

-3° 3139E-01

-3.2Zg5E-C1

-3° 2493E-01

-2.96q _-01

-2.65_4E-0I

-2,36o6_-01

-I, qg_YE-01

-I. 7940E-01

-l,4?mOE-Ol

-5.1242E-02

2,q903c-0_

7.=91LE-C _.... c.

2.

2.

70

2.

2.

?°

?°

2.

I.

I.

I.

4.

3.

2°

2°

P.

2.

I.

I.

I.

i.

q°

_,II

I.

-_o
-3e

-5°

-?°

-8.,

-I/o

-1o

-I.o

-]o

-]o

-].°

Bending Total**

Slope Slope

rad./in, rad./in.

_ _oc-03 3._547E-03

373_qF-93 _.1 547E-03

3S 7Gg-03 3.1 _3OE-03

293_E-03_ .__.8t_8E-03

2V26F-93 2.7332E-,J3

?_43E- 03 2.6 ? 07E-93

2947E-03 2. 704eF-03

IS_3QF-O3 2.7207F-03

076LE-03 2.5773E-03

C31CE-O_ 2.755OF-03

_q2_1=-03 2.0545E-03

6877E-03 !.q_41_.-03

4375 E-03 _ ..,=5 55 =_-03

0722E-0% 5.2553E-03

7962E-03 4.7984E-03

682oE-03 ?,.6S 28E-03

33_6E-03 2,5617E-03

33/_4E- 03 :_• 3 344E -03

!400E-03 2.9474E-03
0626E-03 2.49O0E-03

Ol 5qE-03 2.0 154E-G3

015OE-03 2,015qE-03

4361F-03 1,471_E-03

&369E-03 ? °4264E-03

4366E-OB ] .4725E-03

IO35_-03 i.3882E-03

3725E-04 I • 1 162E-03

1526E-04 7.7644F-04

21 38E-04 a • 5426E-Or+
202_8 E-05 ! •3 841E-04

BROOE-O4 -4, 2701E-04

oi 02E-04 -5, 8 _I 4E-04

7S q_l E- 04 -2 • 9312E-06

7406E-04 -3.41 04E-04

7372E-04 _a. 553qE-04

4552E-04 -7.85 o8 E-04

1q74 E-04 -q. 6215 F-04

qq49E-04 -I, 10_7E-03

5R3qE-O# -I. 2046E-03

C55, °E-03 -1.3 0_7E-03

Oq58E-03 -I,4086E-03

166qE-03 -I ,5941E-03

2204E-03 -i,72 qlE-03

1246E-03 -I ° 6 506E-03

O0 03F-03 -1 ° 4o27E-03
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TABLE 4-6. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

(CONTINUE D)

Mode 2

Generalized Mass = 31. 268

Frequency = 3.8254 cps

Ib-sec2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

I..] 614E-0!* -_o 3326F-0_, -i,246(:;'_:-03

!, 4R_,4'-E-'71 -6o 3770 E-Or+ -q06761_-04

!,721qE-Pl -4oI_0519-0/+ -6.5921E-04

10 F_64eE-01 -I. 7OC7F-0A -5022 26E-04

[o oO6OlZ--n'l._ eo 4.77aE -r'=_.., -_.154.&F__-05

!.RARSF-C']. ?o2649F-04 3,60B4E-04

I, 7OOz'=-ol 5,4%02 E-04 6. 49570 E-0&

_..475 %E-QI 7. _&,83E- 04 80722_E-04

!° IVT? E-Ol O, 0Q0VE- 0L l ,06B°E-O3

q.goGeP-n2 1.02;_2E-05 101o9] E-03

5.!OgPE-O? IoI_Q4F-03 ]03369E-OB

_. _71 ].E-OF ]. 2500E-03 I. 45159_-0B

-4,2 _3 rE-C2 I. 745q[-0_ 1,5268E-03

-o0 34.[ RE-0? I. 4074E-03 1,5659E-03

-] .c&55E-¢I 10 4'÷74E-0_ ]. 571qE-F)9

-I.AORgP-P[ 1.495_E-0_ ],5155E-0_

OPTC, E-CI !, 4646E-0B 1.5141E-03-- -O --

-2,29_2E-01 I. 4665E-03 i, 51_4E-0B

-°o 5Q=5_-n! ! • 4'_QOE-0B lo 5515E-03

-207RO2E-0! I. 4711E-05 1. 5408E-0B

-Z. 7E_02 E- 01 30 2738E-03 902744E-03

-_ o 76_ 6E-Ol 5, 2740E-03 ? • 276,6 E-0 3

-2.0 ].0n F-01 1. z,-643E- 03 I ° 4qS0E-0B

-.2. 951_F-CI 1,46qOE-0 =. 1°5034E-03

-__. 70" 2 _-CI I, 4715 F..-03 I°SB47E-03

-?, 7q54E-01. 1.04720 E-03 105267E-0B

-302&949-01 i° 47"_7 F-03 I. 502OE-03

-Be A294E-01 10 &7409_- 03 1.49219-03

-I • oOP 9 E- C)i 2° cgR 7E-03 20096 IF-03

-?, 2978E-01 2° 0q_gE-05 2 • 0962E-03

-20 _66 _F_-O! 2,130 iF-O_ 2,09ORE-03

-?. 9930E-nl . P. I005F-0_ 2.1027E-03

-:q. 9O30E-01 20 7451E-07 2.7472E-0B

-_0 _]7"_E-0I 207&62E-03 2076,84E-G3

Node Station

No. No.

_v 7n_.0

Z'"_. 7qI °C.

_4 76.1 o "_

_ 7°no

n_ P77o ¢_

!o 90A, _.

"--m o3704

"I _?o "

L'# ee')o_

4,_ IC2500

Z_4 IC_7_0

&5 lCCF'°0

-_ q 1_. 60.

,,o I 1750 7

r._ !2]O°n

=2 _ 21C00

5_ I_&C,C

n,, 1 ! AO,h

=-_ l!7_-on

_.7 12!_°r.

_q lPA7on

<I '_1 76,0

_,? !206o0

63 121.2°0

A4,. t21 2.0

*1. 1614E-01 = 1. 1614 x 10 -1

**Includes bending and shear slope
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TABLE 4-7. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

Mode 3

Generalized Mass = 36. 820

Frequency = 6.3506 cps

Node Station

No. No.

_0r°<

-?30°5

= -!56o0

7 -_2°0

8 -4£°0

m -1o0
"74 2n,q

11. 11Q°_

! 5 16F_ °9

70 -t _6° 0

",_ -F_2°O

'v_ -! 1.60C

"73 -4qoO

74 -34°0

75 -17°0

7q 14°0

7_ 62,0

! 2 l ?PoO

I 3 14.1 °n

! 4 14o,0

16 ]CO°9

! 7 2Po°r"

I 8 _64,0

!q "q&° 0

70 3Y4°_

?! 361.0

6 ° _7°0

66 _87,'?

L,7 4C?o_

_2 _n7o0

"_9 z!q,O

24 &40,O

? 5 474, 0

?6 SO_,O

?7 =19.0

?8 _43,2

?q _O!,7

30 {.4406

_] 8,73.7

lb-sec2/in.

Deflection

-?. a_ _RF-¢2

-5.a31 1E--C)2

-q° 7=05F-0?_

-i. ?R?aE-CI

-I.4ROR[--01

-!°56_ 0_-01

-__. 052 oE-Ol

-7o ?767_-01

-2. s3q3E-OI

-2°63_.7E-01

-_o 0903E-0]

-3,4CqSE-OI

-_. 562 .?E-Of

I°O000E O0

V°611_E-O_

3° 56 _ I_=-01

-2° r,OO6E-02

-". Q!15E-02

-1.45_2E-01

-?. 5544E-01

-?. 7cq !E-OI

-_, 197_E-OI

-_, 57! _E-OI

-_. 5_SE-GI

-3.56qnF-Ol

•-_.o524VF-01

-3,3877E-01

-3° 1084E-0!

-_. 7742E-01

-2.3&O_E-O,l

-I • 7587E-C,![

-2. ] 77OF-01

-1.41 ?VE-O]

-I ° _OOTE-ql

-8.5_60E-02

-I. Pll 7F-Of

-5 ._632E-02

!olOCOE-02

4.225qE-C2

1.2_05E-01

!,4AOOE-CI

i,871 5E-O_

2. 2867E-01

2,057RE-C1

I._5_VE-CI

Bending Total**

Slope Slope

rad./in, rad./in.

Oo Pl !_F-O_ _,45 "=-6E-04

_, 2241E-04 n.4375E-?4

o, _5 o2 E- 04 8,0 108E-04

q. 3]. 46 E-04 _. l QR2_-94

o, ?466 F-04 qo 0720_-04

o. _ O!E-04 7o q6 q3f:: -04

Oo 4qo?E-04 7. 0851_-04

O° 6_79E-04 6oC4O7F-04

c. o5GoE-O# 5,1272F-24

!,01_E-03 c,8052E-04

7o P705 E-O_+ 7°_879E-04

4° 1010E-06 4.7477E-04

7° 51 8qE-05 4.4547E-05

] .2148e-02 1.2821E-02

I° 1140E-02 1.1 167E-0 2

6, q°7_E-03 6, 9976E-03

2. 0727E-03 3o 04O9E-03

?. 072qE-03 2.0728E'-03

I, 384qF-03 _.6 g7 6E-03

I. 0511E-OB 2.36F_IE-03

!o'419rE-03 I °3276E-03

!. 32!_E-03 i. 3 _._ _.E-03

6.5,_?78E-05 -4. 1031E-05

6.Tqs_E-05 -2o9026E-06

6. o41 5F_-05 -Z ° 4-39OE-D5
-2, 12 R3 F- 94 -2,q2 5_E-04

-4. n324_-04 -6o l q IBE-O4

-7° oI..IA P-04 --_°6 osq_-D4

-I.015_E-0_ -Io2500E-03

- t, 226_E-03 -!. 4070_-0_ _

-1,44_2E-03 -1,7106E-03

-I° 45_3F-03 -i • 78 99E-03

-I o 43q'_E-O3 -I._516E-03

- I° 4"X77F_- 03 -I o aOqBE-03

- ]. 4374E-OB -]. 4240E-OB

- I. 50 57F-03 -2,1 30 ] E-O3

-I. 51 5qE-03 -2o 1417E-03

-I, 4644E-03 -2,0 006E-03

--l° _17-65F_--O_ -2.00lOF.-O_ =,

-i. 2171E-03 -1.8407E-03

-1.°I15_-03 -!,764£E-03

-_,46_2E-04 -1.3422E-03

-?.225_¢-04 -2.2528E-,34

4° 5454E-0 e, q.oC21E-04

7° 6402E-04 I o6563F-03
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TABLE 4-7. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

(CONTINUED)

lb-sec2/in.

Mode 3

Generalized Mass = 36. 820

F requency = 6. 3506 cps Bending Total**

Node Station Slope Slope

No. No. Deflection rad./in, rad./in.

_ 702o _ Io ! 0 _ 9=-0!* q. _26_E-0_ 2.O?qeE-::3

_n 7_l,q_, _0 _6,_,9c'-Q", ,,-. l. CQn'_c-03,, 201944F-.)R_ _

na 76 "1• 3 -I ° _&_ 7E-02 10 C90l P-0_ 2.21 oBE-'33

_ 7'90o_ -7003!TE-n2 90RI_2E-04 _0_402E-03

-_a q!o._ -i 0 _ _-'_"_c-ql 707t+47E-0& 1.63_IE-C _

57 _z,q. 3 -10 73v_ E-01 500335E-0# ! • l 02q_-03

n ,_ ,Qv 7,. 5 -1 • 978 OE-Q! 2. r, n63 F-04 504.6 '_ 1E-04

._o ,30606 -,_0 05-'8E-01 -I.0987E-04 6o2095F-05

an o_7oA -?° 0199E-01 - &o 31 _ _E- 0& -3. °,473E-0_

4_ QA 20 _ -I. £6,00E-0I -& • R0 32 E-C_ -7076 0WE-0_

z, 2 9O2o5 -].560_-01 -0._527E-0# -I.1644E-03

4.2 !f 7500 -10!275F-01 -10230_E-03 -105319E-03

44 !n__700 -50 070_-02 -] °4652F-03 -i081 £ IE-03

45 Igqeo,,,_' 400647E-C,3,. -I06501E-03 -2001!0E-05

&5 I) 29.5 702375E-02 -10783_E-05 -2o i00IE-03

_._ 1 ] _" o"?' 90419"_E-,n. 2 -.1.81 3F_E-OB -1 •o772E-03

',,.£ ] 160.5 1. 4862E-Ol -108z+ 57 F.-03 -109777E-03

4 _ llV_,. "v !. 0785 IE-0] -! • £5_. _F-O_, -200234E-03

.... o&.5C 119_0 "_ _0,. 71E-01 -1086__qE-03 -201_41E-03

_I 1_210o? ?o 5062E-01 -to R76QE-03 -201647E-05

.... • 9 t_62 i2]n. _ _ 5 36_.F-.. I -l. I°?3E-O? -] 01936E-02

5 '_ _24noG 6. 0872E-01 -10] 935E-02 -] 0!937E-02

_e_ ll_O.9 I.46_IE-01 -108503E-_3 -109845E-33

_ I !.76o0 I+07866F-0] -lo _&-6l_-_ -200284_--05

_6 120600 A.+._Qz-&F-D'. -108796F-03 -200759E-03

=7 17! ";'o 0 20 5_ oOE-Ol - 10 a812F-03 -2.O?SIE-OB

<'_ .! 24.200 _. ] ] 7=F-O1 - ]. 8_ 58E-03 -109645E-03

qo 1 ?6700 30 6014.E-n] -l. 8£66E-03 -] .q_'961E-03

60 It', O. n _,o 5 ! neE-02 -60 02O5E-03 -600 ) OOE-03

'-,! } 17_0 o ! 06] 27E-01 -,£. 9307E-0_ -6.01 tlE-03

_ 1206,00 30 4i 7 I,E-OI -60 03qSE-03 -6.0354E-03

_-_ _.21200 _07802E-01 -60 0424E-03 -6.0 534E-03

A& I9_. _'.0_ _.Tq0PE-Ol -100033E-02 -100944F-02

65 '2_"-_o" 70 0650=_-01 -] .+ 004._ E-02 -1.0954E-02

*1. 1089E-01 = 1. 1089 x 10 -1

**Includes bending and shear slope
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TABLE 4-8. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

Mode 4

Generalized Mass = 2. 7318

Frequency = 7. 0577 cps

lb-sec2/in.

Node Station

No. No. Deflection

Z -_nno _ !, O')OnE O0
. -_7P_ ° _, Ro7q?3E-Ct

4 -lar, o5 5._.0_7E-01
-) _ A. i? t+.7336 E-O. 1

-133.9 4.1654E-01

7 -q_o_ 2. g26 CE-nl

.I -&aoO 2. _aS),_-O)

o -l.O 0.52_4_-09

76 7(_._ _, 77? OF-02

1 9 6qo n 2. Q614E-02

! ! llq.O 1.19Ol E-02

I _ ]68.0 -4.133 _-E-O3

70 -.I_6.0 -3. ! 952E-0)

v! -R_.O -I .0277E-a2

_'2 -] 16.0 -00 54_5E-09

7"_ -Aq®n loq6OSE-O3

7& -'_&. C ?. 7963E-03

7_: -] 7oC. ?. ,°,61 2F-02

7o 14.q &..QOISE-O'.. _.

7_ 26oF_ &._6E-02

78 A2.0 _.5209=-02

] ? I77.0 a. OT?7E-O_

!_ _ a! .C 3,, rl._ _ 5E-n?

• u'_ ..6 E- O&

T A I -'-o o n -I o 3:"e 5E-02
: 7 o?_._ -?.061 q.E-C'2

io 2°4._ _ -'_o. _..,.-'_5E-']2

"0 _,'. -_o3271_-0;'_ .

'' ?_ 1,,:) -3. "_I 5 _.E-02

6q 3_7.0 -3.623RE-02

_'6 3fl7.0 -3.2&TqF-02

_-7 z.OP. 5 -3. [707E-02

6_ _26.7 -3o 0908E-02

22 _7.0 -2. q739E-02

?? 41o.0 -2 .? _6 ?E-02

_&. 449.') --1. 572 _ _-r1_

"_5 47/-*.0 --go 8°q6E-q_

26 _P&,O -2.7&'_). E-O?
_-t 5!Oon _o 13" 5E- C_4

2 _1 _4_. 2 7. 0044E- 03

")q _nl.? I. 7276E-02

!0 &&4.6 _o 2305E-07

"_]. (-77.7 201662F-07

4-13

Bending

Slope

rad./in.

I. _126E-09

1045R. 2E-33

1.333TE-03

]°186QE-03

I.I]88E-0_

1.0586E-93

_. 9771 E-OZ, "
7. _l 07E-04.

4. R960E-Oa

3.311_E-O&

3.0715E-04
?, 63&OE-O#

-4. 0462E-03

-3,64.82E-93

-2o 0103E-03

-6.51_17E-05

-6. 6821E-05
2.04OOF.-C4

3.3584E-04-

2. c)714E-04

20 g68qE-O¢

2o 6364E-04

_o 6_5c1_-04

2.6353F-0_

2. ?2_!F-O#

!_7757E-04

1,Io6_E-94

605551E-05

"t,07_3E-_6

-6.7C74E-05

-6, 91 05E-05

-6, _093E-05

-6. 3475E-05

-6. 3369E-05

-9. 5935E-05

-102292E-04

-! o3o'_6E-0_

-]. 4698E-0¢+

- 1.481 5E-04

-10 #555E-0_

-I. 3947F- 04

-8, 8#gQE-05

-l. 8796E-05

2.2146E-05

Total**

Slope

rad./in.

/ 0796qE-09

4.0q61E-93

4.1455E-03

2o_786E-0_

2.5 90c_E-03

2.aOl_F-03

2044#0E-03

2.&65_E-03

2. _,0 24E-C 3

7o8677F-0",

305762E-04

3.3911E-04

2.g277E-G4

-_.31 15E-03

-3o6596E-03

-2o0103E-03

-4e 5635E-04

-6.6821E-05

-7.2 18RE-04

-leo 13gE-04

2.955oE-ot,

209052E-04
2.6661E-C4

206535E-0@

2.65"42E-04

2.?035_-04

2.722nE-04

]. 5 c)46 E-Or+

9.9811E-05

306644E-05

-8,7048E-05

-I, 3725E-0_,

-3. 7050E-05

-_o31 12E-05

-5o7523E-95

-I. 84_*b E-04

-2.1200E-0¢,

-2. 2904E-0_

-2.B68]E-O 6,

-2 o 3815E-0_*

-2. _824E-0_,.

-204045E-04

-1.5803E-04

-2.88_5E-05

6._383F-05



TABLE 4-8. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

(CONTINUED)

Mode 4

Generalized Mass = 2. 7318 lb-sec2/in.

Frequency = 7.0577 cps Bending Total**

Node Station Slope Slope

No. No. Deflection rad./in, rad./in.

_") 7,.n9 ") I. o :aTC'_'--O''*,'= ,. '_. R? 2hE-05 I. "_4031::-C_-_

':'-"_ 7"_ 1. :_ _.. 307_F-C? _. 5093E-05 I._5!2_-04

"_& 7A].O 7. cTC4E-O'_ l.nlv2E-34 2.2 C _ 0 _-r',/,,.

"_; vaO.1 l.. "_-O&E- 9_ i. 06 94E-04 2.3 3"Tog-,?,q.

"_6 _ o. "]. -5. z+?53E-C'_ qo 0031. F-05 2.1 692E-04

"_7 _z,_.'a -!. I ?__ 9E-'_ ,Q. 276CE-05 1. 766oF-C4

Q q77., q --!.. 55q l E-C? q. 8#43 E-05 I. ?6 35E-C4

_-_ c,Nf-,._ -1.q57v=-C ,',, . ?.qqO2E-O5 7.74.0_E-05

&r_ °-_'Y,4 -2o_q_.-C,_ -3, C6gTE-06 _.o_'430E-05

%1. 0_9. A -'_.0306F_'-C_ -'_.0&g3E-05 -i.c7_+_E-05

t*2 _q2o_ -,_. o0CFE-O2 -5. _792E-95 -_-.9 15BE-95

t+_ Il _.0 -].. 5q5 ] F-,,,_ -o, 72qi F-05 -I, 1702E-0<,

4z, InST.n -I. l_-_-6E-n2 -I. 28.80E-04. -I.5077E-04

45 !0QC._ -_o 5403E-93 -[. 5543E-04 -]. 936gE-04

#6 11 -_-"_.5 I. 1,5"a_-0_ -I. 7_72E-04- -2.1343F-0_,

47 -!13_.9 3.40}4E-0_ -1._] 30E-O_- -2.0..161F-0_.

_q !] _r. 5. _. ,_687E-O? -I. ,0,55aE-9_+ " -2.3005E-0_-

_ _i75,7 I. 192nE-O_ -I. a_ a?E-O_ -2.0 R 90E-0&,

_0 ! ,IQO. n I • 6770E-n2 - i. g_ 88 F-Oz+ -2.3& _!E--O4

':;1 ] 2lOon i. 95&5F-G2 - I. 0374E-0_ -2.33RTE-OZ,

57 ] _!0o, n I • o566E-n, ? -!. _I "_21:- 9 ? -Z.g I _6E-03

53 124n. ,'_ 7.5 g78 P-0 _ - I. 913Z+E- 03 -i, QI 3 RE-r'3

5_ !_.,6C.e 8.7,_72E-03 -I. _22E-04 -2.13OQE-04

S5 l_7_.n io_37!F-C2 -l,o] 26E-04 -?o2422E-04

_A_ _'_r_,.n io °nq71:-'_...... -".e370F-94-. -_, °21"_SE-']_-

.v l. ]1 ?._ _°O_R IE-O2 -I° Q3RTE-O_ -?.C'RoSE-04

= o !?4Vo n 2° _¢5 IE-OZ -1. q&3_ F-34 -2 .C 77 _ E-gt+

_o _ 257.0 3. I _4 5F-Q? -I. 9&45E- 0<, -I • qc_OE-?4

_n 115e00 -lel 5?mE-C2 -] 0]_41._ ~-0., -1 °leg2E-03

51 ]_ 7_.9 7.5r_0_-C'_ -I°194&E-03 -!.lSaSF-03

_,'_ '7'OF° O &° 3_I _+E-OZ -Io 1067F-07 -!. i q_4F-93

_-3 1.217.'_ 5.n410r--o2 -].lqV'_F-03 -I .19O6E-03

_& ]212.0 5o 0_10E-O? -?. z,272E-@3 -2. 4206F-03

/,_ ' _'2.n i° _334F-CI -2. 4209E- 03 -2 ._-322E-03

*1. 8703E-02 = 1. 8703 x 10 -2

**Includes bending and shear slope
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TABLE 4-9. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

Mode 5

Generalized Mass = 19. 247

Frequency = 7.7004 cps

Node Station

No. No.

? -270.5

4 -lq0,5

-15_,0

-=?,C
-g*Roq

-10".

7A 2r, m
+F_ _,PoO

-rq -! c6.0

71 -c?,"

7"_ -I 16,0

"A -, _/-+'o ,-"_

7r, -!7.n

I g. ' 4"_o_

• rpqo r',

1 q ?_z,.0

i c ?04o m

21 _6!, _

6(- '_,_7o 0

::7 _02.5

6R 4P607

P2 a,n7.O

24 440,,0

?5 "74o O

?_ 50/+00

+.',7 _Io.o
"_8 543, 2

2g 591o7

30 644o6

31 6"/3.7

Ib-sec2/in.

Deflection

--6,26 .°7E-07

--4, q2. _ I=_-:'!

- 3 o "_=.5 ? --_- .'2i.

-?o 70=_--01

-_ 30R6E-OI

-1.?_AA_-01

-6,l_ _ 5F-_?

o.6_oqg-02

_..17= I=-02

7o6176=-07

q. _r_SbE-¢2

" O05_- '.]')

1,2627_,P'_

e. o.61. g q_-n2

5,04o6.=-02

5.426_E-0_

q, oo4qE-O2

q, o67"aF-o. 9

q. 6 075=_-0_

q,152C=-07

v. !_50E-02

6.0_2_E-02

_.7047_-07

2,8_g_E-02

_,o822E-02

I. qI TOF.-02

I. , 3273E-02

3o q304E-03

1. _52 1_.-02
-4o g63_- _-03

-2. 166 qE-O?

-3,4723E-02

-4, 8867=.-02

-5. 5160E-02

-6,33_+ 2E- 02

-6,3767E-0_

-4.0/-+74E- 02

-2,061 BE-02

4-15

Bending

Slope

rad./in.

-_o _ i r"F- ':2_

-! , 2642E-'_

-I. I_64F-C3

-1. 030_ F-O 3

-a, 7P61E-_a

-_, 21_E-5_

-6,6_ 65 g_-tng.

-A. =°q_ F-¢ e+

-3, qOCTg-r_g

-2, _77E-:34

-I, =26_ E-n/*

-2, l q ('4E-05

-Se 52 _AE-(] _.

- 5. _3gE-O_

-=o6769F-04

-"+, 525°_-04

-_, _021F-04

-4.59_5F-0_

-Io _!36S-05

-Io _767_-05

-!, q_6_E-05

_.qT24E-05

!. _._95E- 04

2._406F-04

2._51_=-04

3,4451F- 34

"!,qo2qE-o_

_. R._Oq E-04

3,85q2E-04

3, 92Q6E-04

3, _].30E-04

3, 5200E-04

3o 1403E-0_

2, 5230E-04

2_,I#_6_.-04

I. lg83E-04

-8.02_0E-05

-2,5¢55E-0_

-3,0Q 32E-0_

Total**

Slope

rad./in.

-_,'6R_E-03

-!,_4=0E-03

-'ao5 510¢-0_

-2, ! 7CoE-r "_

-I oc _'xg-C _'3

-I.O=F5_-0=.

--].egL21_--'7, _.

--] , 74-/'7r:: --:) 3

--2, _=. 2 ! E--"_4

--i, _ 196=--0e+

F_,,5 935E-r.6

-5. 6470E-04

-F,'_ 6, ROF-_-

-/+, 5 161E-04

-3,4_ g4E-O_

- ,b 2 a*.E-O_,

-2. O8C+_,F-O_

-_, i c_16E-04

--4. 779qE-04

2.1224F-05

7.I018E-06

1.50_IE-05

I. 3046E-OZ-

2.91 78F-0_.

3. 3424F_-0_

4. 1034E-04

4o 70.q7_-04

4,,T 927E-04,

4, 7943E-O/+

3,7057__-0A

3.8230E-04

3,_5nlE-04

5,816I_-04

5,7007_-04

5,0 I50E-O_+

4.3_53E-04

3.g235E-04

l.ggl 1E-04
-2. I RTBE-04

-5,8647g-0#

-7o 2qSQE-O_



TABLE 4-9. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 3

(CONTINUED)

lb-sec2/in.

Mode 5

Generalized Mass = 19.247

Frequency = 7. 7004 cps
Bending Total**

Slope Slope

Deflection rad./in, rad./tn.

I. %156_-0_ * - ?. ,'2_14°_-n4 -7.4OBOE-Ca

?, _]_V=-C2 -2,(_48aE-04 -6oF_770F-0a

.... _ qI95F-G44,AOQOE-C? -2o3305E-04 -•

q, "_T_Q_ c-a2 -1® 4160 E-0z_ -3 o5455F-04

5o 0440c-0P -'4o2983E-05 -1,242_E-04

5,0605=-C ? 7, 630F_E-05 I, OOglE-O4

5,ac?_-O_ I, 7q _ R F-0¢+ 2,SqTOE-04

&, <.OQeE-0? .?. 550_ E-04 a,1552E-04

_. _42 _-04 a. O634E-043. °eP_=-O? 30 " =-

1. _7_ IE -'_°., _o 46 O4E- O A 5o 4053 E-04

7= o490E-05 =. 66! 5 E-04 5. _ 736E-04

-I • _30 IE-02 3, 6_ORF-0A 5,5227E-04

-706_ _ 3E-07 3o3950E-0& 4.Q:_Q4E-O4

--5.0 ? 76 C--02 2 o 0745 F-04 4,0 392F-04

-6o 16_ QE-0? ?, 4469E-04 .'%.,0100E-04

-60&52 2E-02 ?, 28 35=-04 2,567QE-04

-7, _geOE-O2 2, 8031 E-04 4,3 342E-04

-=J, 7715E-C 9 Po 956qE-04 5, :_834E-04

-Oo7102E-07 %, 2C67E_04 I_,56qSE-04

-l, 07"_ 0F-01 _, 4405r-04 S,6 1 _IOE-04

-i. 07_ IE-01 2. 311 ] E-02 2.3116E-02

-a,CC_4E-01 2,3] ]4E-02 2,BllOE-C2

-_ • 7q5 1E-0? 1o 7299 E-04 -Z,0 313 E-05

-6,65 q 7FT-($2 l, 47c14_-0_ - -1 •4.595 E-C.4

-6,1_6_E-02 1,3024E-0_ 3,SB99E-O_

-6• 246 BE-0? I, _O 73E-0& I, 7677E-C 4

-6,74n3_-07 I, 720oF-04 1 •5575E-9_+

-7, !068_-02 I, 32_4E-04 ], 466RE-04

-_o 9590p-01 -! • 0727E-32 -I ,C672E-02

-l. _72F-01 -1,07"_0E-97 -|,0675E-C2

-. - 5.., E-02 -io073gE-02l, '_mB6E-O! 1,07 =

_. 60C_F-01. -I. 07631=-02 -1,078 5E-32

?o 6C06E-01 -2. 4626E-02 -2o _649E-02

. OCOOF O0 -2. 4657E-02 -2.4679E-02

Node Station

No. No.

_" 70.".o

:3 7%1. °

:_4 761 .0

3_ _!_.2

_'?,7 °4_,3

:_ q77,5

qO oO6•A

AO C'_7,&

41 e62,6

a9 OoZ, 5

z_._ 1C2,_.0

_" !C57,0

"7 !13_o_

4e !]AO, S

&O 111"7=."

=n, 11.o_=_,

st 12!0.0

_e !210.0

51_ l_Z,.O. 0

=a !160._

5_ 1!76,0

c7 )2_2,0

50 1.160,0

.:-1 !].76,,0

_-_ 1"_0_. C

6_ 1212,3

64 19!2,0

*1. 3156E-03 = 1. 3156 x 10 -3

**Includes bending and shear slope
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TABLE 4-10. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

Mode 1

Generalized Mass = 30.81

Frequency = 1.8910 cps

Node Station

No. No.

1 -300._

2 -:?70.5

-73N.5

-t _'_o _

5 -! r6• n

T -_200
-48,,+)

q -l.O

v6 20 • _'_

!! II q•O

I_ 168.0

-PO -1+6o0

Vl -_2o0

7 °_ ]_,6• _

73 -48•']

7a - 1_& •0

75 -17,0

7O 14.0

'77 26.0

7_ 6 ?o 3

12 !°'_. ?

B ] 41•:]

14 ]_o.0

16 190,.,0

! 7 27_.0

!q ?_4•0

_ _4.0

I 361•0

69 337.,0

66 3B7.0

67 _?.5

6q 4?_6.7

23 AlooO

24 44Oo0

25 _,74.0

? % __04.0

07 ml 9oC

9 _ rl.'9 • .. , . . ,

20 591.7

_0 644•6

31 67?•7

Ib-sec2/in.

Deflection

IoOCOOE O0

9, BQ_6E-Ol

_.55BSE-Ol

7• 5 _+_ Z E-O].

7o 0,3e 5E-Of

:,•6_03q-0i

So  +01 -oi
4. 9373E-CI

4. 059gE-Ol

-_.6475E-01

'• 7781E- t_

l• q_S4F-Ol

I• 0540E-01

7o 528 IE-O!

5.6601E-01

b• 421 5E-¢, !

5•OIO_E-OI

4.7_??E-0i

4.3769E-01

3. 7540E-<)1

3. 5428E-01
2. _!99E-01

i• 781 4E-OI

!•480oE-_I

l. 35&4E--Ol

5.47B'gE-02

S.4147E-03

-4.70_ ?E-02

-9• !VTSE-02

-l• 17O7E-t,l

-!• _TqSE-Ol

-!. 3628E-01

-I. 8074E-01

-I• a4 SgE-OI

-2.160 7E-']I

-I • _OOqE-Oi

-2.055 IE-Ol

-?.. 26_ BE-OI

-_,_.._22 0_-01

-2.5"_ Ol-_: IE-

.- "2 '- "_

-?° _4£ 7E-OI

-2. 8596E-GI

-2.Tq?5E-Ul

4-17

Bending

Slope

rad./in.

I. _ 55_'+E-03

1.B5i4E-03

I. 8"*2 L E-03
1.9315E-03

!._2_3E-03

I.S?I6E-O3

I• 8087E-03

I.79O4E-03

1.773_E-03

1.7614E-03

!.7]_E-03

!. 657_,E-03

I. 5775E-03

2.5019E-03

2+4345E-03

2•1652E-C3

1.8_74E-03

I• 8"BT4E-O?

I. 78 9Z,,E-O3

i,.764i E-03

1.7312E-03

1.7311E-03

I.,5779E-03

l•577_E-a3

I,.5777E-OB

1 • 4937E-03

1.4027E-03

1.2q39E-03

i. 1715E-03

I. t3_95 E-O_

8oR528E-04

S.,8493 E-O4

8. S6 57E-04
_. 8,Sq_E-04

9. Be, 9 t E-O+I •

8.130AE-04

7. 2146E-04

6,3295E-04

5..5727;:-04

4. 541_E-04

A.167iE-04

3o07_8E-0%

8o354_E-05

- I.TChlE-OW

-3.14 B,_F- 3_

Total**

Slope

radJin.

2.0011E-03

t.o04_0,---U3

2.0554E-03

i .96 60E-03

1.94BIE-03

I,.9175E-03

1.0503E-G3

1.9637E-03

1.961flE-03

ioa++55E-03

i.78,55E-J3

1.7272E-()3

I.bB4OE-03

2..54o7E-03

2.4343E-03

2,1662E-03

io 92_8_6-03

I.__B74£-03

2o6185E-03

Io8946E-03

1 o7 304E-03

o7ZVSE-03

i.5a2bE-O3

1.5808E-03

1.5813E-03

i.5901E-03

l.4995E-03

1.38C66-03

I.Z673E-C3

i• ).43RE-03

9. l 70gE-OA,

8.7350E-04
8o9809E-04

_ o'9177E-04

8oSqgBE-04

6.4052F-04

7.4865E-04

6.5981E-04

5o8303E-04

4.9002E-G_

3 ._034E-0_

1.1561E-04

-1.3 .q98E-04

-2. 8359E-04



TABLE 4-10. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

(CONTINUED)

Ib-sec2/in.

Mode 1

Generalized Mass = 30.81

Frequency = 1. 8910 cps
Bending Total**

Slope Slope

Deflection rad./in, rad./in.

_:._ 2E-Of* -4._7_-04 _. z 115E:-04

,550ZE-O_- 7. £ _? 3E-0£ -!3o c59C _-04 -_

-2.5,'+ a 26- C'L -7.3i 15E-04 -7.49 t'C_-04

-7_'=!a_4E-L',i -8o6407E-OA _o i057E-')4

- l o &'.93["/.-ql - i, 0']07 E-I_3 -], ] 7 H46-_: 3

-I. ! 350E-;_] -i. I'920E-0 $ -i. 2 779E-,:23

-7.5_73_-02 -i. 2vO_E-O_ -i. B 5'_2E-<,S

-_ °272 ?E-C2 -}. ?38vE-OB -!._I EYE-i)?

To _] 56.-L,2 -I.Z-29L, F-O-_ -l. SC,Wc,_-O]

! ° z,Tq 5 E- Oi - i. 4c9 _E-OB -i. 56'_7 E-O 5

1.9e9_=-__,.._,,I_ -I.=_;IIE-02. -l°[8ilE-'Sq

• _c, I o5794E-_32.._iB_F ,,1 -!.534#E-G2 -,

_. 6TqSF-O _. -I. 537_E-t}:_ -l._SqO_-(,

? o !_77E-Ci -i° 5 _ _eL-C'3 "_] . 5 574E-U 3
'. "_,+=':"E-,;I -loq,zO=F-O . -I - v5..... o '5 E- 0-'_

3.6 9oOF-C:t - I. 54! 2E-O _ -i..5 _ CSE-,J3

B. ST_3F-,:l. -I. _4].,_3E-03 -I. 5r,_,o._-_ "r_ ,)3

30 87P _ F-,_i -P° O! 5 S,E- 03 -2.C i 59E-07

/-,, 45' _,] E--_! -_. 5!5 _-',;? -_ .,;IO:)E-L'3

%.e15]E-:'i -1° =3C7E-L}! -i.,J502E-O3
. _,,_..c._4 F-.'.I_ _ -] ,,_,.',c__;_-O - -I • ' _.!':-E-C 3

_o RO_7E-Ol -loSZ'-lc?-_i_ -io_52BE-O-'.

3. o:.::', RE-,_I - !. 54-f IE-O _ -:(. 5 _ C,iE-O3

4.3 ."C':5 F-f;, 1 - 1.. =_ 2_=-0 _ -I .b 52C, E-GL _

4° 7%7_-c':-('_ -i0 5_- '7' -,: • ' --l,, %4 4=F--,)'_:•._

. :-)7 ),3 E--"_l - 1 ° 7 .;:';_"'-,;[.:--) -_ --1 . 7 Cj.'_ E- :., %

•_,, _42 7F- :-'_ -.,'. o _" { E-,'_ _ -i.70 _.QE-C 2
%. _5_E-OI -I.7L3'_L-:] _, -I..7026k-63

3o-)559E-'.)I -i°7S7"_F-, 3 -l.70ahE-q3

5. Q559E-(_I -i. _5 _-,",E- ]3 -). _571E-03

_-°_1 _,]F-C] -l_;_. 57F-'? 5 -i.r4575E-03

Node Station

No. No.

"_"_ 7 (? ? oo

2B vq].oO

7c,_ °fJ

"7 f -"+q_, ,

5q q77.5

'._ -sC (". 6

",r _7 :+o

", 1 C _ o ""

i 7 ,:. ",,2, n ° :,

:+4 I.3 =,7. i3

z.5 ._C,OOo o

:_o

,,t.+.O 11 7r°7

_0 _.loR.?

5! 12 IC°,3

_? 12tn.£,

.. o ,

5_- _,3.5 :)oC,

55 !_7_oL:

5& l"q6.0,

67 !?!?.0

5q ]1%2..0

_q'_ 1 ') A'7o ,]

"9 t' r,_n,,C

Zl I ",'"t e"¢,,;

.- "'fA2 I ,. 36°0

6_ 12!. Z_,0

e,_, 1217o9

::,= 12_ 0.")

*-2.6882E-1 = -2. 6882 x 10 -1

**Includes bending and shear slope
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TABLE 4-11. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

Mode 2

Generalized Mass = 26.252

Frequency = 4. 113 cps

lb-sec2/in.

Node Station

No. No. Deflection

"; -=CO.5 ! o00O0E 00

-_70°5 8,qag4E-Ol

3 -_'30° S 7° 539XE-01
4 -? _0,. _, 6o 05Q4E-OI

= -' _AoO 5. _z+l !E-01

l -! " ? ,, "' 4 o .,-)R +_9E-n!
7 -_,°0 3. ?472E-G1

-4_,.0 2. 2792E-01

9 -l.n Q.SO79E-02

I(3 f qo ;_+ -A.o7_9_E.-t)F_

] 1 : i_o':T+ -_.6660E-0!

15 IA_.0 -2,532 8F:-01

"tO -I_6.0 7.631 7F-Of

71 -8 2. ,";: "_. 3815E-O!

72 -]16on 4. q7l._E-51
7_ -4_.'_ 2.4576E-01

74 - _4.0 2° !!Z 2_-01

75 -I 7o0 Io 4500E-01

7o la.O .=.011 8E-02

77 26°0 2.4364E-02

78 t,?0 _ -5. 0675E- 32

12 l_?.O -!. _93E-CI

I = _ 4].(_ -?°!555E-_I

14 !49. ] -_° 2675F_-01

16 l oe.n -2 ° 99k. OE-O1
! 7 _Zo.c -_. 35,_ 5E-O1

! o o,_,a. C - "+,06_686-ci

n .:_.., c. -_° ILl 7E-r,!
_C _ 7,'-..+ 4 -%0 364QS-'Jl

++ __+t.o -_. 't 8":5E- 01

69¢) OE--O].66' "_q7oO --'°

_v LO?.5 -}*. _ 32 IE-:)I

%8 /++?E,. 7 -_o 5161F-01

2_ 3 q"t. :') -_o 55B1 E-OI

23 41o.0 -B.2202E-OI

_4 440.0 -P. _567E-01

? 5 '_ ,9±. 6 -..". 1 () '30 E - O],

:'7 _lc.C -'._,OkF-O1

"_9 _:91. 7 -6° 0_°6E-02

] .3 _ ,%4.. _. 1. :+035 E-02

_! ,t.7 _. 7 5° O745E-02

Bending

Slope

rad./in.
2.4874E-03

2.4689E-03
2.4264E-03

."° 9759E- 03

2.3523E-03

2.9313E-05

2°2747E-03

2.2227E-03

2. 1295E-03

2.0795E-03

!. 910/,'E-03

t. _,885F-C3

1°4202E-03

5.635NE-OB

5.31BOE-03

4. q/)8! E-O3

2.aSISE-03

2,4312E-03

2. 2057E-03

2.Oq19E-03

2° 0835E-O3

2.0837 E-O'_

1.41qOF-n3

!°41_4_-93

io4189E-OB

1°1563E-03

8o8152E-0#

5. _,961F-C'4

2°3073E-04

-_° O17qE-05

-4. 9921E-04

-5. 039,q E-04

-4. 8779E-04

-z+. 85 ._5 E-04

-4o R" 9"_ E- 04

-6° 6455F--04

-8°380iE-04

-9°72qaE-04
-1. 0627E-03

-I. !4SOE-O?

-1. 1736E-03

-].. 2._ _ )E-C?

-1.22O2F-03

-I.I182E-03

-I.00_5£-03

Total**

Slope

rad./tn.
3.6028E-03

3.3700E-03

3.3998E-03

;_°9711E-OB

2.B763E-03

2o8_36_-J3

2.834BE-03

2. 8454E-OB

2.7875E-03

,'.'. _,22 _.E-O 3

2. (,_756-u_

i._64oE-03

1.5372E-OB

5._510E-03

5.3163E-03

4.OO81E-OB

? ° 8043E-03

Z.43i3E-03

3.11 56E:-09

2.blOOE-OB

2.0835E-03

2.0868E-03

1.3 944E-03

1.4025E-03

1.3981E-OB

i.3440E-03

I°0476E-03

9 .,6174E-04

3.4872E-0_
5.l_16E-Oe

-5*4901E-04

--6.6032E--04

-5°8269F-04

-4o4_75E-04

-Z+*6 1 _3E-04

-g._4_'SE-U4

-i. 1415E-03

-1.2777E-03

-I°3701E-03

-I.4556E-u3

-I,5 ._00E-03

-1.6 217E-03

-1.6 327E-03

-i.5219E-03

-i ._,060E-03 .
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TABLE 4-11. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

(CONTINUED)

Mode 9.

Generalized Mass = 26. 252 lb-sec2/in.

Frequency = 4. 113 cps Bending Total**

Node Station Slope Slope

No. No. Deflection rad./in, rad./in.

32 707. °` _._4E-02" -8o_205E-04 -Io22_ '"_

_ 7_ _ .g I. ?ql 3E-91 -6o 7563E-O_ -9.,7,752E-,.;z,

34 7e 1_.9 I. 5335E-CI -_. 72 3__E- 0_+ -7. i,b _aE-r'4.

• =, "C:,o i i • 6 a,_4 E-'-_] -2. _S_ BE - C# -_. qJ5i _6-ua

_7 p_o_- _.o7_Q%c_7_..• .. ,_®?it_3,)r+. -+jL. )°_,i_)[:+ +. -j4

_ _77. _ !. 612 9E- G], 4. I_23E-O _ 5.3 _ _ [ _-,)4

_ _7_-01 .......

',n n_',,,-°:" !.I.._45E-01 7._042E-04 _o_7C0__-u4

u _ c c _ ° _ _". 07 _ _F-,,P q. 4':_-_E-O _" i • J '5 _aE-_ ",
_X I.(} _LCa+] _o _.2':)_:E--{ _ i.L'/+"%')E-O } L. I°,C.QE-'J_

_4 IC _7. :_ -t .63A 2 E-O .? I. II PTE-O ? ]. ? 6 g2 E-O3

45 .'t.)en,r/! -_. 9C8 (-'E-C'2 I. 175 _ E-O:_. ]..3C S_E-O3

_ l!-,_ 5 __,.,.v_, +°_E-OI lo20_c-0 _ i.3_43E-03

' _ 7 _ _°J -'_.[SF4E-,:; ].'i].c' -O_>+ i.2_%aE-b5

'.m ]._ "_° 3 -Io _+}_,_ E-,T,_+ ]. 2,74 _t:-b?. i. 25_f}[-,33

'_'_ " I.] TSo _ -"+. _ "_,° I t':- O ] I'. __2";7 _-0% '.. _: 7 _'7 ,}- u "_
50 11 _I.0 -.1,. 9837E-01 !. 270"_ E- 03 io _047E-03

_I I?]O.C -_.I309E-GI+ 1.2_]OF-O__ _ i._953E-03

52 l_it}.O -2o I _9 IE-Oi 2o 9_54E-03 2. 9460E-03
_ !_L.Q , __,. ]o -, c)c_,-)j - -,. " _O,.. ._.... , ..... :o9_5"-c-03 _ ,u " "_F-,-_

_'+ It _ '_',. '} -I • _+9"=OE-O I I. 22 t+£F- 03 i .2 555E-C, +

, ' ..... +.Z610+-t, 3

_6 1 "_'_u._._._ -_,. '3729E-OL 1.27]+E-03 _.."8866-03

57 171 2,,0 -7.1. 51ZE-Oi ]. 23 l'_E-03 1.Z811E-03

-3FI i_: z- ? • _ -2. _3IgE-,?I l • 2S_F-03 i.2508E-O3
c'3 1 ?: -for, --" oa4_ g--,]l i.. - 3 .-_-zc- "

....... • I ........ 0 3 iou5OlE-O3

," 0 ?.1 _.Co _" -] • _£77E-nl lo _ F #t E- O-Z, io 83 i 5F-03

" I I " 7 +_. ) -; .,_(_'E-'-'I 1.8+_47_'-') a I. a_, 6E-u3

_2 1206.0 -2.22agE-O1 I. 8354E-03 1. 8351E-03

63 121"_.._+o,.,'_ -".. 3_OIE-OI I._338E-03. i.8378E-03
6/_ 1212o0 -?. 3401E-91 2°4_5OF-03 2.#679E-03

, _?& _°_] -_. ;)gOT _--c I. 2o 4-_i E-O3 2 .',6 gbE-t)?

•9.5354E-9- = 9. 5354 x I0-9"

•*includes bending and shear slope
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TABLE 4-12. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

Mode 3

Generalized Mass = 3. 1490

Frequency = 6. 966 cps

lb-sec2/in.

Node Station

No. No. Deflection

I J -3_0. < I.nC, CCE 00

2 --,_ 70, q 4. qZ-,_ 7!a-- (, 1

-i_60 7 4° c, 356 F-CI

6 "l "__,._, 4. 7qq75__ !

7 -R?en 3* ! q7 QF-')I

8 -4_.0 2.36Z e F.-Ol

o - ].°0 !. _7775-'3!

7_ _P oC., q.I. 97q. E-C )

IP, 6. _0 r, _ o 9S '+:'7E- (,"

II lJ, q.,? /,._IE-Ok

70 -156o0 -4. 246 65-01

Vl -.q2.9 -I.! On2 E-02

7g -! I_,-,°0 -i° _174 !E-Of

7% -4°o:_ i° 04 "_=_-(32

.74 -3L.O 1° %_6F_-O2

7_ - 170.0 5° 02545--0Z

70 14° 0 _. ! 677F--09 -

77 26o0 7° 97°5E-02

78 b _.O 7. %5!5E-02

_ 122.,7 $. 58o 1 .c-G2

13 !/+3o0 4,09705-02

It+ !4o.0 _.a4_7E-02

16 lOOoO 2o ! _07_-,)2

17 22 g.O J..!q64E-_32

lq _. :. 4-. r" -;,0 9577C-0_

19 "_g, oq -:a. ?q _TE-r_

20 9 Z4.0 -I. 7 9:315-02
Z._ "a6t°_ -2-&TSQE-OZ

69 ? 37.0 -2,7644E-o2

. _ 8656E-0266 "._7. O -.o

",V 4CP.? -_°G675E-02

69 ¢_6.7.... -_0 _5"4c-,22,_

22 _- _7. C_ -2.6,50 C5-,32
23 " 19.0 -2. 803qF.-02

24 44_.0 --?. RgqaE-02

25 474.0 -2. _)__4.E-02

Z6 5:_4.0 -2. 744 ! E-,72

07 5 !0o0 -._0 67_ 8E-02

28 5a3.2 -2. 516 7g-02

?9 _q I .7 -2.07325-02

BO 64406 -I.46135-02

_I 673.7 -I. 091 45-02

4-21

Bending

Slope

rad./tn.

1._iO_E-03

I.756_5-03

i. IC 15E-03

10634_6-03

9® 75"_£ E-Q4

8.17525-04

6. 727/.E-04

4.135_E-04

?. 7 _._, 3g-04

?.9375E-OL

2. 087aE-04

2_.0742E-04

-5°4!70E-03

-4. 901fiE-Q3

-2 T80:_E- 030

-_.¢_+50E-04

_..6_ c 04

A°e114E-05

2. 5625E-04

1.7804E-04

I °77 52E_-04

2.gF_¢2E-O L
?.eq65F-04

2.Q527E--04

2. _720E-04

70 704 _:F-04

)_. 41 -q_r--04

2. OC 7_,E-G#

I. 70Z, TE-04

i* 125aE-04

I. I1805-04

10 1534E-0W

i° 1599 F.-04

I.1610E-04

_.6121E-05

_.622qE-05

3.0939E-05

I.ig27E-05

-8.336BE-05

-i. 7&O_,E-05

-_.STInE-C5

-6.428gE-05

-80 30685--05

-8. 7862E-05

Total**

Slope

rad./in.

_+._.186E-03

3.93055-G3

3. _9 5RE-03

:..7 (:35E-_3
- r- "I

2.565_E-,32

2.3605E-C3

2.39P5E-u3

"%_..Z _ 405--03

7. ! C' _3E-04

i • 23 I_ E-+)4

70 3a, 5_E-J_

3.353aE-0_

-5.76 06E-03

-4. Q166_=-03

-=.7R062-_%

--7oCZqTg.--t_*

"--Z ° o4 935--'.)4

--I .0959E-0B
-4. 1683E-04

I°75445-04

i ° o4565-()4

3.15715-04

_0 C,o475-04

3. I I.,45-04

3.53.55E-64

3o 3976E-04

3.123_E-64

2o70275-04

k° _ 77QE-,.,_

I.2510E-04

8.o031£-05

1o40015-04

I. Z637E-04

1.2242E-0_

5.85745-05

2.81 15E-05

202283E-06

-I°7 58gE-05

-3.86 36E-'J5

-5.277C'E-05

-7 °¢.0'%6__-05

-I.0507E-04

-1.2422E-04

-1.2922E-04



TABLE 4-12. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

Mode 3

Generalized Mass = 3. 1490

Frequency = 6. 966 eps

(CONTINUED)

lb-sec2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

_v. I*,_E--_ _* -8.86 81E-05 -i.2 85AE-04
-3. *, F_,'31E-":! -_. 57 3 _ g_-O 5 -I.2677_-04

3. ! ! _ =_-')4" -7. RO20E-05 -! °2 230E-,.)4

7. _i'_:_E-,?_ -6.7Q4?E-U5 -1.J_O7E-04
5. _.3q5 E-:,,? -_o 333i F-P5 -8. _,397E-C _

:_0 z.'--'7_-O? -3. 7013 E-05 -5,35e+OE-05

O. 57_-5E-C,3 -2. _SgaE-05 -2o3865E-05

._,a_,_?..._.:_Oa. ._ -g.°17C_E-04 d.4_47E-O7

-'° qZ 7z, E-03 o. - 3 d,3E-0.6 1 ° g 36Q(::-05

?o _':Tq_-)-, l.q+O7g-(_3 ..... 2°#. _-_4__-U5c- -

7. { _ :, _E:-,..-; 3.07,?5E-.35 3.9 g,90E-05

,. ,_;], _r-r_ 4.!6_1F.-0=_ 5o0Q_SE-C!5

4.6"_'+qg-0a.. _ 5.1_88E-05_ 6.1 175E-05

3,, &4-'q_--_3 3, e434_-05 7°0783F-05

!.1 _-aac-,':5 6. 588_E-05 7.72e3E-05

-- 70 '_ ) : C _--r I/" 6 " 7gQZ'E- .n5 7° 37'+A[:.-US.

-_ j, 7}F-.v 4• '* , 6 ° R.aOOE-O-5 7°3"_ q5E-05
ao _,e..-__i _" A;OIC_SE-05 7°°251E-U5

-5°A875£-0% 6,0817E-05 8,4499E-05

-6°4'93qE-03 7°0406F-05 8,4150E-D5

-6° g,9_iE-G3 6° 146e E-04 6,1 479E-04

-'_051.2 9_-O_ e. 11l+7 :_,E-04 6° I g+86 c-0z6

-3,771 EE-02. 6,c#51aE-g5 7o70gP. E-05

-/+o 0560_-;]1 7o ,qa/+2F-05 _004(25E 7=

-6,46.5 RE- 0% 7o 1191E-05 7,9085E-05

_..E-.'._ 7,124-_E 05 7,6338E-05

-Oo i _+ 7E-03 7° 1415 E- 05 7° 4276E -05

-i • ['9"_ ;)E-J3." 7.1 Az-,_,E-05 7.3267r{'.-05

¢. Z 52 4F-03 5.6_-_77E-0",. 3.5733E-C, 4

- '7, /_' 57 _m-._ 3 30 A 9 ,a_, E-,J4 3o t: 7'+2 E-C4

-i. _:85 SE- C? _..6o_ c,g- 04 3.6916E-04

-I., 597 _E-OZ 3,697]aF-04 3° 7044E-04

-1 • 5 RTSE- 92. 7, 3z_15E-04 7°34_6E-04

-3,70271:-02 7, 3.'gq4F-O & 7,550&F_-04

Node Station

No. No.

_2 702,0

3? 7"- ],3

a4 7_!,0

5 V Y ".,

_"-, .oL.Q ,, -"

_e g.q.6,8

&Q ,+'3-"%7 o %
I • (.+ :. A 7-
-, 131

_+z, !.n _7° 9

1,5 ] ue'P.r

z.q .t 1,3C. g

50 1. I q;_._
:' .... 1 0,0

52 !210.0
q3 12"0.3

94 1 ? 6D.O

9 r- 1 i 7A, ]

_ +"> 12n6.0

_7 !21 2.C.;

cq,. 1.2&_°O

"q 17F. 7,0

AO !]h')°9

_,1 i] -' A,, ,7

62 t;?n6.0

63 1212.0

.:, . _0%

F = 1 =z,?.,;

*-7. 1498E-03 = -7. 1498 x 10 -3

**Includes bending and shear slope

4-22



TABLE 4-13. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

Mode 4

Generalized Mass = 14. 381

Frequency = 7.5955 cps

Node Station

No. No.

1 -?00.5

Z -_70. _

-2_0._

,-, -!"_?.0
7 -,32.0

q -48,0.

9 -I.0
75 _O.C'

I_ !!_. c

15 15_.0

70 -155.0

71 -0_°!')

7_ -II.6.0

_4, -'?4oCl

75 .-1.7.6

70 14.0

77 2t_,O

I 2 12" r'-'.O

,.3 iz,l.O

1 _ 1Z.O. i7

I 6 10c.('.

1 7 _P°e,_
t _ _54o0

t9 _z,°C

",n B?_.e

)l 36 !.,')

.A9 _': 7.0

56 _.97.0

A,7 /-:A -?.

Z_ = 9 _' ,','_

.3 _ Ig •,3

24 44q.0

76 _ ()z,.C)

"_V r!o.O

29 591.7

_0 c.L4._

"_I '_7.3, 7

Ib-sec2/in.

Deflection

3. _l._4E-91

2.7670E-01

3. 1484E-01

i. 4172S'()I

]., 27! !E-_i

Io C 5 _3"_E-'_!
6,221 IF-02

3 .?B94E-02

-5. 51006-03

-_ ° I. IU':)F- 32

-2.7_. _?_-C_ _....

-7 o _03 z,E-.,-_P

-3.4_e, i[--07

-5,087 2E-O?:

-i°O04Z'E-C?

- " o 70 _ ] E-_i,

-!._93E- )?

-1°54_7£-32,, ,-

-1.7249_-02

-2. 0245E-02

" _.i4.,E-02

-?. 4(;:,_E-?

-_ ° 4-0 _ S =-""• , !. J..

-3:. 412 BE-O:?

-3. 3645E-'72

-3. 177_E-02

-2° 7c:'__Z-u__

-2 • 3<0? _-r,2

-_. RO ,'_IE-,TR

- O07_F ,.,,..

-i • 4o6 IE-O2

:°4138E-03

-," ° G4 F_7E- ""-- LJ ;

i. 9356E-03

-_ , 6 q'=OE-'?3

4. _364 OE-G3

1, I "_4.4E-C2

I,,qlg9E-02

2o 53_CE-U7
-_ q7:_ 0:_02

_, 4370E-CZ'

z_._716i:-02

:), 025 ?_-C:2

5.19,75=-07

Bending

Slope

rad./in.

5.6514F-O,_

5._4 P7E-L)4

4.9867E-J4

4.4_,, _ 5E- 0.'-

3._791F-04

3. z_OBOE- O_

2.8854E-C4

1.97glE-04

I. 50 !'.E-)&
!.0761E-04

6. log -'-t,_-.,5

_,,.0 5

8.94. 30_-05

7. b774E-05

_° 044_E-04

I°4027E-0 &.

1.4032E-04

I. 4601E-04

I. 4970E-0_

i. 8764E-04,

I° 878GE-O',

Io3_0E-05

i o4172_E-05

I .450z, E-05

-2.42!_,E-05

-6. 0784E-05

- I° O03QE-QZ,

- l. R].h.]F-,3,

- i, 67 q2E-'_4

-1. 8545E-04

-I. 8504E-04

- Io E517E-04

-I°S_IgE-O.%

-i. 8,_l,_E-u%

- 1°9_!? __-04

-1.9712£-04

-I. o543E-04

- 1,9001E-04"

-!.7_v4E-04

-i. 7117E-OZ_

-i° _037_-0@

-0, _006E-05.,

-1.610BE-05

3°949_F-05

Total**

Slope

rad./in.

1.78_6E-03

i.5221E-u3

1.5279E-03

1.0534E-03

9.41Z'g E-J4

8._ 4 -31E-04

8.6262E-04

8._.8COE-04

7,6794E-04

2.q2csE-04

I.i267E-J4

o.b2 53E-05

8.3514E-06

6.4542E-05

7°7191+E-G 5

1.0443_-04

i.213QE-04

-i °40 }2_-04

9,5112E-05 °

l °2072E-04

i°SRhOE-04

I°9395E-04

-5.5010E-07

4.6427E-Ob

2°4502E-06

-z_.O07 !E-G5
-8°42 _,2E-05

-i •3C 3 li_-C4

-I.67LZF-04

-l. _8,'=_-G4

-2o] 2525-04

-2.06 30E-O@

-l.8165E-U4

-109457[-_-()4

-i°_563E-04

-2.49 IOE-04

-2°53 116-04

-2.5120E-04

-2.4526E-04

-2.0 _ 328F-04

-2. 3287E-04

-2.!92ib-0_

-i°c292E-04

-8.0876E-05

-2.63006-05

4 -23



TABLE 4-13. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

(CONTINUED)

Ib-sec2/in.

Bending Total**

Slope Slope

Deflection' rad./in, rad./in.

5..I_6_ 1F-02 * q. 78 ;_gE-0, 5 <*.i687E-C 5

4o oB&RE-02 i. 5780E-04 1.5437E-04

&.17&,qE-0_ 1.16,_FE-0_ Zo98_IE-G4.

3,,2(7!_0 E-'2 ?. 67 %'7E-,)4 Z.o74 i9[--04

Io 9_63F-,_2 3.G2"0':E-0_ z:.cS0_E-<_ 4

?o 3a6'+E-O? 5o1595E-:]¢+ 5.1ZB6F-C_

-l.1 __4E-02 3o I0 53E-04 A°8493£-04

-?o &TZqE-0Z 2.._O45E-04 4.32575-04

-?.7183E-02 2.54 59E-04 3o 7532E-04

-%0o006E-02 20 1827F_-@4 3o }_955F_-04

-60_0q0E-P2 1.6&4AE-04 Z.7586E-04

-60 29:J_-02 go75O_.E-.05 1o0253E-04

-bo 904SE-02 1.7194E-05 I.C417E-Oa

-6,, Q568E-92 -7. 0794E-05 -3.3,55_E-05

-6,. 5_00E-02 "-1.,5920E-04 -l.760!E-t)4

-6.37Z 3 E-02 - !. 8 _£ I E-04 -2.0 19,7_-C 4

-5oi15_E-0_ -1.6567E-04 -9.2RC4E-05

5. _559E '"" -Io601 £E-g& -6._;',__-'55

-_. e763E-02 -1.5242E-04 2°,6509E-05

-5.8g,_ _E-02 -I. aSO6E-04. 2.2354E-05

-5-'q°90E-O_ 6.679IE-93 6.6806E-03

-2. _qa_'2E-_i 5.6_ 0'? E-03 _.8 8 15 E-05

-_. 5723E-Ci2 -Z. _952 F- U4 -a. 545qE-04

-/.'-.,_91 _E-C2 -Z. _;46 _ E-0'4 -5° 5L, e4c -,],-.

-__,.03_7E-0_ -2,.82_3E-04 -3og e,_E-34

-2. 378 0E-O?_ -2o 8271E-04 -2._ 856E-04

-2. 055 0E-02 -2 o 8241 E- 04 -2.7h-_8E-C4

-]. 355 75-U_ - 2.8236 6-04 -2.7970[[-54

- __.734 1 E-r)] -t. 0587F_-g2 -I.06 _,L-32

-I.0324F-01 -I..C69(;E-02 -i°05_E-'3Z

Z. 162 IE-01 - I. 07 i4F_-02 -!.06 _9 E-t','2

9. _065E-0! -i.0721E-07_ -Io0743E-02

Z. 905 5E-.3] -2. 3941E- 02 -2.3°. -,535-02

!. _030E (-0 -2.3970E-02 -2o'_9",,_1_-.,_.

Mode 4

Generalized Mass = 14.381

Frequency = 7. 5955 cps

Node Station

No. No.

_ 7_1._

-& 7,51°O

-_c 70.qo -

:7 q &_,,,-_

"_" 877.5

"a co6-,_

"*_ 9_ 7°".

a_ iC_7.0

_,5 1.C,eO.O
4_ 11 "_'_ _;

..... LO

.

&'_, 1.] 7_.-'

50 1 !"-,"_ ,,O

< I. %2 10o9

_? ]?' 0o0

¢ Z,,. I. I 'AQ ° ',3

_ _ / 76_ _,

<" !2! 2,0

•_,,.n i_ 56.0

_-- ) "2m _..°0

_:, 12.12.0

" -- )7 _?._

*5. 1681E-02 = 5. 1681 x 10 -2

**Includes bending and shear slope

4-24



TABLE 4-14. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

Mode 5

Generalized Mass = 5. 5460

Frequency = 8. 0290 cps

Node Station

No. No.

1 -?0C.5

"_ --97C)e5

4 -7 "aO, --

-, r-._o, 3

• .& -! Z_°'_,

7 -,_2o0

q -aa.O

-I.0

lO ",P®:_

t ; ! ] q.:)

!5 16q.O

70 -!56,0

7t -_2.0

.7_ --4_ o "_+

7& -- 3Z,°

75 -17._

70 14.0

77 26.0

7 _" ;'. 2,0

I +_ I,_ l,°('-

I 4 !40 .'9

!6 i r+_.o

Iv 2 29.
'I q -. -t_ ")• o ,

21 36 1.0

60. _7>Vo 0

6v <,c;2. :,

6_ a?607

2? :Q7.0

23 410+0

24 440.0

2.9 474,0

;7 _1 '?o0

9_ eL_ o

?Q &91o7

31 67_e7

lb-sec2/in.

Deflection

1.3684F-01

I. "__57E-OI
1. I c_#,4E-Ol

._. 5/+ (i q F -,? Z

.-5-..? %'_'7 E-(,,2
2,5342= ",

o. 022 _.E-OB

-i. 322 OE-O2

-.?° 201. 7_-,32

-20671 QV- ]2

--2_ 506 75--i3Z

1,5500_-02

-I.125qE-02

-2, .,g_. 9 F-'.2 %

-_.4g=TF - 37

-i'. '._35 '-+_--02

- ! • _42 9E-02

-2,1547E-07

-2. 262 7E-.b?.

-2, qqq7g:-O2

-_ o_=_ qE-O 1

-2,5740E-02

-?.o _752E-<2

-2,, 052 CF- 02

-i, '_ 3,. 'aF-' ))

-lo ?.'+1 2_-02

-7, 77'- "_E--03

-l. 63")6=-'33

-4. _SO6E-OB

1.7_oOE-OB

O. 05405-0%

?o4602E-C3

7. _714F-03

1.2047_-02

1.5702E-02

: . ,'aai 8g-C"

2, 17¢'2 F-C'?

_.gT:q=-i:_

2. 951. 3E-O__

_,. 2 2%.5E-02

_. 746 IE-02

Bending

Slope

rad./in.

3. 2543E--04

2_.9557 .#--04

2. eOTZE-94

?o z,476 E-04

2.30 8iE- 34

i, oz.32E-04

!,8181E-94

!.054_E-0#

7. bP43F-,35

4o2539E-05

_.7Bo2E-O5

-2.3737E-05

3, 5457E-04

_. 2_43_-04

?. ?75 =_--0_

_o _745F_-05

9. Q8 C'Og-O5

B, 35Q6E-05

7,6733_-05

I, 1680£-04

_, i7].[E-04

-?._BgGE-,J5

- _. ,+6 _tF- ") 5

-2.43_7E-05

-_,9316E-05

-7, I_.37g-05

_c+.3_49E-95

- i. +)_ 57 F-,,_4

-i, I_65E-04

-!, 2756E-04

-1, 2801E-04

-i. ? 1
-1.2£20E-0 _,

-io 2787E-:34
-I, 2535E-04

-Io2012E-04

-i, 1364E-04

-!.053_E-0_

-9,7_63_--05

-8o1532E-05

-4, 3068 E-05

9.2425E-06

4, Z591E-05

Total**

Slope

rad./in.

I. 13Z7E-O3

9,5758E-04

9, 5_24E-04

g. a 733E-,',)4

9.72_i_-04

_._I_6E-04

5.1346E-04

4, 9 64_+E-04

4,5_09E-0_

I. 5 813 .F-O,_

3.a287E-05

}.7217E-0o

-3.63C8E-05

3,7154_-04

_. 30 c,8 E- 0'_.

2o22 5'_E-04

i.i i 04E-6_

g,9_O4E-05

1,0381E-04

8,8241F-05

1. i 702E-04

Io254!E-G_

-Z.TSV3F-05

-3. ,_"9c,3 _-c 5

-3.,+ _24E-05

-7,_77<E--05

--I.01 £gE-04

-i.2 855_-04

-i.#716E-04
-i.o6054£-04

-I._778E-OW

-I,35 13E-OW

-i.3 138E-0_

-l,304?E-04

--I,2994E-0_

-I, 5753E-04

-i® 5.4_9E-0_

-i®4 9_7£-0_

-1,4246E-0_

-i,_i565-04

-i,2 8_5E-04

-I • 1657E-04

-7o7 390 E-05

-2.42 38£-05

9,8041E-06

4-25



TABLE 4-14. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 10

(CONTINUED)

Mode 5

Generalized Mass = 5.5460

Frequency = 8. 0290 cps

lb-sec2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

3.] 62 :,= n+,*_, - .,:: 7. n].bZE-0q 5, 194G_:-b5

20 o_,:_,_E-.]P !. !-"05E-O,_ i 021 dYE-C4

? ._.5:5+,0C_'+. "`, [J.eliq_.--_,b4,.. .... z 1.4,=]D ,qE-0e ,_,

! * 71 ._OE_,[j 2 [.7 L 5 !_--0/+ _-o "_tT--1'_--t) 4

_. ')ql 9E-";3 [o o-- _.,:E- 3,'* 7. :4 '-94_-U4

-L. 52_4E-Q _ 1.°7 ?-_F-+_4 [ o 2 -=:",'_ _- ()z+

-is h63;_E-,37 I. Sni t-E- ]& 2. ? 3¢";E-04

-!. 35qSE-02 io7;_0._6-0_, Z.SZC5:-34

5554F--C'_ i. ,=7if-E-']z+ ' 12 4-_,u-O"_ o _ ,_ . c.o .

-'_ ° 0527 :'_--C 2 i° _:-'3: a E- t"+ i. _: 20E-,J'-*

-+._._57 _E-O? a. C]? ZgE-05 i .4,7,95t=.-u&

"_ a/ ROE-" _ " "- ,° _ • t_. '+.T77'?:E-05 i./,'.S7_-O#

-4.2 I_,3 E-(:,2 -5.405_ E-07 4.2 2 i36-05

-4o ....;3A #,5-02 -5. ,_,,_-"-..6_+.,__-+35_ -4.3055 ,.r-05

" "',c_ E-C-3oq374E-02 -!.C__ C 4 -] ,:880E-04

-3° 78 "__E-;92 -io i:-:@ 1E-:24 -lo 519"_E-04

-'_oI30aF.-(_2 -I.7757E-3". , -+++.°,q_o3_-0&,

-q°6106F:'.-_.-'_ -I.o0777_-0_. -4.5840_'-04

-!° 22b(_F-02 -2. 3275 E-O# -9°049QE-04

-I° 1530F-03 -2. 6777E-04 -9.4259E-04

-] o 1457E-03 -3 °9362_.-0,_ -3o3"_ 69E-02

! ° ("_ :) C'E:_:_nO -3° _367E-02 -3°_ _73E-02

_+] • _ I= IC.__ _.+S ..... '.",_ -I. 177'_-0z_ -I. 1 9_SE-t_',

-_+o. .+_7_-_. .,<-32 -]olq" _E-04 --lo2755E-t:'4

-Z° '_g? ?E-n? -i. i,q 57E-04 -i .0 F 50 _-O_,

-'_°. q4ooF-J2_ -[°1.83o_,.-0_ -909q. JlE-t)5

-2. 523 _E-02 -I. 17.49 E-C_ -!. 09196-04

--0: ° _+'+''r)°E--0"_. - -I° 17.2 ].5- L,4 -i. 1 / Bo6-04

-#. qZO 4_-,3 _ -7.0O J 2 E-04 -7.05 91E-C"_

-3 ""'_r:-.)2 -7.(._3 ".,F_--OL -7°061r, 6-c_#

-i .5703_-07 -7. ] £ 90E-04 -7°0967c-C_.

-I • 1432E-02 -7. ] I 1,23E- 0¢ -7.12 0£ E-C4

-1. 143 2E-02 -1. 527£E-0 3 -i.52 97E-0 3

3. #4.57E-'27 -1 ° 52 97E-07 -1 °5 3:)6_-u3

Node Station

No. No.

:4. 7(- +_. ,"+

-5 "_-?+n+ l

•_ 7 o ,:c:• n

30 c'05.3

,_,v 90 2o 5

" _, 1,$25o3

&4 !C57.0

45 1090.0

, -7 1 ] -_._..O

;- a ! l_'(_°5

_.'3 1!75°7
30 llO,eoO

=+1 _,."!0°0

52 121{_.0

:-5 1 + -'",° 5

5& 1.2n6,0

_7 ! .?]. ?°",

5a _,; z,-2.O

_- ? 1.1_:..7.0
qP' ].l _'.0 ° ¢')

<1 +175.0
6? .!206°0.

&3 1212.0

64 1212.0

1_ 1:4:;o0

*3.1622E-02 = 3. 1622 x 10 -2

**Includes bending and shear slope
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TABLE 4-15. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

Mode 1

Generalized Mass = 32.343

Frequency = 1.8755 cpa

lb-sec2/in.

Node Station

No. No. Deflection

? -_70, q q, 3qSq=-Cl

a -_ at', 5 7.=5_1 _F-e!

-1 g6,O 7, 06_OE-O?

5 -_33eO 6,61g6F-01

o -!o0 4,070_=-01

vA _00 _ _, 60 = O=-C!

! 0 An, _ 2,727_=-0!

! I fla, 9 l • q_OOF-n!

! _ 16F_. 0 O. _qSE-C2

v_ -_ 56_o 8, PS_IE-O!

71 -ap,o _.Ol_6E_r I

7_ -1.1 A,,O 6, 93! 6E-O!

73 -4Qo r', _,0_AT_-tal

' % ....

_ -!7o0 40 3595_-0!

?_ !aoO 3,71 "_BE-Of

?7 P6. O "_,_qo_E-nl

V8 67.0 2o8700P-CI

!? !'_.m 1.721_-nI

I 6 I oo.r 4.,,70:) 3_:-C2

7 7?0®0 l,26oAF-O_

lq 744o _, -_,q_l OE-C2

I _ 7'0400 -8o o_CqE-O3

?0 ? ?4on -I. ? 5_ 6F-O_I.

"I =61.9 -I,, 6#R 4.F- _oI

69 7"_ ?. 0 -!o 4,3q I E-C',I

&6 3q7.9 -IoqRPSF:}--CI.

_7 4_2°_ -2, C? _6E-OI

?? ?_'_, 0 -I, P75 _E-OI

_3 41o,0 -?,I2n2E-PI

24 At,a. 9 -20"_ _-_6E- 0.I

'_=; 47_o 0 -?, "gl 2E-Of

2_ 50",, n -2. 6407=-01

27 51(a.C -2.71F_2F-OI

_q 54%2 -?. 81] "_E-O!

?a So).7 -?.q153E-Ol

_0 _ 4_+. _, -P. o02 B!=- Cl

"4! 67"_07 -?, _: #-6 E- r_].

Bending Total**

Slope Slope

rad./in, rad,/in.

1,873PE-03 2,1027E-C3

. _670F-93 P, C'55"_-03

I. _=;Pl E-93 ?.C 67_ F-C. 3

I. n4.7"_ F-O3 !. OTC_4E-r, 3

I,PaP_F-03 I,O620E-09

!. _376E-03 1.9515 E-33

!0 _?_°E-O3 ], q640E-OB

_'• _.I_QF-03 ], 9771E-0_

!. 7gO7E-03 1,9751F-03

!. 77p_E-OB ! ._523E-03

!. 734aE-03 I. 8050E-03

I.F.712E-93 ]I.7418E-03

!0 588_E-03 I .6460E-03

3. I '-,,'?.7E- O_ _01 912E-03

3, 0701F-03 _,059oF-03

-_00SAqE_'O3 3oO_6qE-O3

2o 1557E-03 2025Q6E-03

?0!556F-03 1 2 . ] 5 5 _ E - 0 3

I, 7814F-0_ l,g] _! E-03

I,T&92E-O3 1,7_+R4E-n3

I° 74oi F-O3 ._,7454E-C 3

I, 5_93F-03 1,5 93_E-03

1.5F_ 9_ F-03 I. 592!E-0

!o 5_q_F-03 I,_O26E-03

I. 5032F-03 I,_C05E-O3

I. _,lOnE-03 1. 5077E-3_

! • 28n 8E-03 1,3 862 E-09

1,1741E-03 ] °?706F-D3

I • 0406__- 03 I° ] 4481:--0

_, 8 P.73E-0# q, 1453E-O&

_, 8237E-O& 8,7050E-0¢+

_0 _'C6 E-04, 8,,Q 5 a4E-3_.

-_08_'3vE-C_ 8,8 93(_E-04

80 t_O2qE-04 P, 36_7E-04

7, 1 S29E-O_+ 7, #287E-0#
60 76_2E-0# 6.5275F-0_+

5,4082F-0_. g,7555E-O_

", =__ =;6E- 0_+ _, 8078E-3t+
40 0754E-04 _+03595E-0_

2, qT48E-04 30291,3E-0_

7, 0882F-05 1,3212E-Or,

-1.85_1E-0_. -I._470E-0_.

-3.33_0E-0% -_.3043E-04

I-
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TABLE 4-15. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

(CONTINUED)

Mode 1

Generalized Mass = 32. 343 Ib-sec2/in.

Frequency = 1. 8755 eps Bending Total**

Node Station Slope Slope

No. No. Deflection rad./in, rad./in.

_? 7o?, _ -2• 7273E-01" -4• 7549F_-04 -4• _895E-94

= 731. ,o -? • 57(- IE-CI -6• 1381 E-04 -6,0421 E-04

"_a. 76! ,3 -_ • 376"-E-C1 -7• _.QR4E-04 -7• 6 _J27E-O_.

a 5 7_0• l -?.• !?QAF-- _[ - 8• R" 10 E-O_. -g • 30 5_E-04

_-6 " I°, _ -I, q_._,t=-Cl -I, 0092E-03 -_ •D76RE-0B

_7 P4q• _ -.1_, 5042E-C] -I, 1 t 02F-03 -.!. • 3.9Q 2E-33

"_a _77o _ -1,1602F-01 -1, 2124E-03 -] .2975E-33

o °r'6, ¢_ -7, _r,? 5E-O? -I• 2903F-0_ -I • 3 757F-93

&C _37•_ -301 575E-n2 -!, 3581E-03 -1•_392F-03

,+I c_ 204 5.27.3.. ,- F-r.,_ -I. 43'_E-03 -I ._792E-03

a_ eo2•5 5,0X'_ ?E-02 -Io 4_.a3E-03 -1,5 240E-03

'.'_ lr _'_00 1..00033F-0! -,1 • 48 R'SE-O_ -). 5627E-03

.',.i. .'tO570r' 10 608 IF-01 - I, 5191E-03 -I, 5890E-03

_.5 tro_,? 20 n35_E-Cl -I, 540LE-03 -].. 5004E-0_

'._ ] ] 2"_0 _ 2o _54F-Ol -lo _537E-03 -105986E-03

z.7 1 _ "_? o0 20 7_?6E-0Z -1, F'_63E-03 -I, 5773E-03

_._ _ _!60,_ 3,157_F-01 -I, _SQ2E-03 -I, 5767E-,,03

Z,,.Q I ] 7__o7 _o 39_R_-0t -lo 5598E-03 -lo 5768E-03

_n 1,9_03 3o 7K, TTE-Ot -l. 56_5 E-O_ -) o 5858E-03

,=;] '_? !.n.O _, Q37';E-t"}l - I. 5510E-3_ -1. 5818E-33

_? .1PlO.3 ",0 q37FE-Ol -2• n,338E-0_. -20033gE-03

"_ 124n00 4. 5477F-01 -2,, 0338E-0_ -200340E-03

_z,. I.." 60on 3.1.457E-0I -1• _=_QOE- 03 -1.5694E-03

5'; _ i 7_.,n 3, _ 970E-C.I -I, 5601 E-{33 -I, 5 706E-03

_6 _.20_,n "_, aARIE-Cl -1, 5612E-03 -I,5_ I&E-03

_-t I?_ ?oO "_oQ62'4¢:-C11 -1,56.1.3E-03 -I, 5793E-03

r.q TI2,'._0 n _+0z+35 _E-P. I -!.0 55 IoE-C_3 -10'_ 713E-03

'=;9 _ 267._ 4.0 8277E-C'1 -1• 5620F-03 -1. 5678E-03

_.O ' 16no0 3, t t OqE-Ct -.!.,722"_ F-03 -1,7217E-03

¢-1 I _ 76,_ 3,3o5_.E-nl -].,7224E-03 -I,7217E-03

A? ).2r6,0 3, _1.! qF-Ct -I, 72 27E-03 -I,7227E-03

4,-_ _ ?120n 4, 0153F-hi -!, 722_ E-0_ -I, 7234E-03

',4. 1 ?t 2.0 4. O153E-01 -1. R74_E-03 -1. 8754E-03
6'5 ) 24.2° 3 ¢• _780E-C,I -1.8"t 50 E-03 -1.8756E'03

*-2. 7273E-01 = -2.7273 x i0-I

**Includes bending and shear slope
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TABLE 4-16. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

Mode 2

Generalized Mass = 26.120

Frequency = 3.9359 cps

lb-sec2/in.

Bending Total**

Slope Slope

Deflection rad./tn, rad./in.

6. l 2_ QF-O] 1 • _? 60E-03 2,_.5 14r-03

'5043_ qg-Ol ], _1 57_-03 2, _ I qlF.-O3

'+o t'c.Qq 4V--- C 1 !, 7_ !_OE-33 2.3316E-03

_, 40C' 9F-C_ Io 76_g; F-O_ 2o 0900F-O'_

?. e,?] 3___l ].73_2_-0_ I.�q69E-93

[ • 4_I,•'6c-O] I. 7OS_E-03 ]. c_c)_8_-0_

7. "_01 ',E-C2 I. 6qo_E-OB 1.9q42E-33

-I, _4qE-o? ] • 6308E-03 1, _503E-03

-60 ncn_*E-_2 !. 694_E-03 i • 7536E-03

-!. 4056__-C1 I, 4_.55g-03 .I..58 3?E-03

-2.1 &.q* _-0,I. .I.• 2647E-03 I •3 806E-03

-_o 7q02 =_-,hi Io 006g_-09 I. 09_0_-03

I. OO_O_ O_ _ao 7o13_-03 9.04q7E-03

_. _ oR __-Ol 804340_-03 8o 3587E-_ 3

6.1. !3 c_E-Ol 8o 2784E-03 _, 2 784E-03

1 • 60 aTF-O1 3o 5263E-03 3o 9717E-03

]. 1 Co61=-01 _a, '5262E-03 3.'_ 262E.03

4. 002 a,_-O2 2. 2003F-03 3o I _7.qE-O 3

-'_. Oq° OE-_,?. 1.6100E-03 2.1 81(_E-03

-7,036 ?_-07 1• 6639E-03 l ,6443E:-03

-10 ?o59_-01 _ • 6636E-03 I • 650OE-03

-_• 3278E-0! I • 0045 g-03 9. 7787_-06

-2o 51S OV::-O1 .I,004o¢_-03 O, q 7 IF_E-_"4.

--._"• 5 g_ _E-C! _.o C95g E-03 a. 8260E-06

-'_o ! C! _-Ol 7.7906"E-O# 9.1220E-O&

-3.5! 3_E-r_ _, 5_ 3rE-04 3, _+600E-04

-'_. 57_6F-01. -&. _;_7_,F-06 6.5740E-05

-_. ';'529E-01 -2.70_6E-06 -2.1 808E-06

-3.4:'71E-01 -6. 052!E-0% -6 • 575 IE-34

-_• 5 mO4F_-O! -6. 001 oE-O4 -ToBQ25E-06

-302_3 ! __-O! -q, o600E-06 -5,1 1 02E-O_

-'_,,I o_'_E-OI -S. q40_,E- 04 -5.6151E-06

-:_. 05q 2__-01 -g• 9"_7"_I[:-06 -5.7534E-06

-3. ! 6" OE-OI -7.3 a o9F-04 -I •9020E-03

-2. qlqqE-Ol - q. 7794E-04 -I, 1430E-03

-2.4604E-01 -Oo '324RE-04 -1 •2403E-."3

-_.1300F-01 -!. 0'504E-03 -] • 3 1 _3_:-03-

-!. 7"_ 5F-n!. -I. I(_87E-03 -Io379_,E-03

-_•SPc.°F-Ot -I,1284E-03 -Io63O6E-03

-t o !,'-9 c__- C1 -I. lq'_7E-03 -lo 5053E-03

-4. "_'_ ¢__- 32 - ]. I "_43 E-O 3 -I. _._ 64E-03

3o 2310_-r) -Io OD64E-03 -lo3586F-33

7o 022 _E-O_ - Ro _ q 47 E-Or+ -1 • 2403F-03
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TABLE 4-16. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

(CONTINUED)

Ib-sec2/in.

Mode 2

Generalized Mass = 26. 120

Frequency = 3. 9359 cps
Bending Total**

Slope Slope

Deflection rad./in, rad./in.

t. 040_F-91" -7. _264E-0_ -1.06O3E-03
_. _2_2_-_I -5.7! 1QF-n4 --R. _ 8_7E-0#

I. 53 "_E-O_ -3,,7q_qE-O& -5.8_56F-0#

I. _6[ 6E-r't -]. 6707E-O&- -2. Q654F-04
t • 6qq_ _-Ot _,, t7 ?OE- 95 2 o _,228E-05

1.64o6F-01 2.57_4E-04 3.10 IaE-04

Io_270E-£] _.4066E-04 5._66E-04

!. 073 _F-Ol 7.78 3OE-O# S. Q I _6E-04

8e_7"_E-02 qe 3204E-t) & QeT_'c_OF--O 4

5e 3r)qOF-O2 O. 27 _TE-Ot+ ] .0731E-03

[._7z,4_-07 1e01_3o_-03 1,] 575E-03

-__°!3_4E-n2 !.0818E-03 i .2198F-03

-6. Z35" F-"_ _I..] 31mE-03 I. 2555E-03

-,. 03 _9E-OI !. 1632F- 03 t. 2 621E-03

-l. 1,_,_,IE-¢I I. iSqaE-O3 i. 2 178E-03

• -l. 501..,1E-0! 1. ; 772En03 1.2 1 70E-93

-!. 6 B&6_=-OI 1. ! 78_E-03 1.2208E-03

-l. 05_2_-Ct 1. 1808E-03 1.2480F-03
-2. 106oE-C! I. 1825E-03 I. 23C_4E-OB

-2. 106 9E-01 7.57_OE-OB 2. _7_" E-39

-2.90qSE-nt 2. 6751_:-n3 2.6756E-0_

-l.4_e2E-Ot 1. 1770E-03 1.204"- E-OB

-I..5_1 7_-nl 1. 180! E-03 ] .20qlE-O3

-_. n4&2E-Ol 1. _ QZ_E-O3 ] .2 341E-03
-_.1192_-"! I._8_E-03 1.7276E-03

-?. &842E-Ol 1.1 _47=-03 1. 2084F-05

-2. 7841E-01 _. IB =;0 E-03 I° ! 907E-03

-1.3_72E-t'l 1.7OSSE-O_ 1. 7033E-03
-1. AScv_-Ot 1.7056E-03 I ° 70 34E-03

-2. ! 8OoE-el I. 7_67E-03 1 °7064.E-03

-2.29= 4E-OI I° 707AE-03 1.70RRE-03

-_o ?_?"E-O1 2. 2485F-03 2.2 503E-03

-2. o5_bE-¢I ?. 2_,9_ E-03 2.25 13E-03

Node Station

No. No.

_2 707.a

_ 7_l,q

_ 761._

_5 VOno]

!Q I_77° _

"_O Q_Ae£

&.n 0_'7 o &

A[ 067e6

%? 1.r_oO

&& _c' _'re '3

&5 "..r _e. ?

&O 1 lyre7

_3 l_OeoO
_ 1210.9

_. l._6_o¢

55 117_ n

_6 ! 2Cf"o ?
=7 ' "_l2.3

6!. 1 ! 76.,'_

_? 12n6._

£'4 "_l?eO

5 = !.242.3

*1. 0406E-01 = 1. 0406 X 10 -1

**Includes bending and shear slope
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TABLE 4-17. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

Mode 3

Generalized Mass = 4. 7611

Frequency = 5. 7668 cps

Ib-sec2/in.

Node Station

No. No. Deflection

t -?n0,s 1.0000F OC

2 -_Tt'oS q° n_qAF-Ol

:t -_'_O° S 7° 683 _E-Of

4 -]nno_ 6.2368=-01

5 -I,_6._ 5,,6_6 IE-OI

6 -I'4_. 0 5,1153F-Or

7 -_?°C 3° 9678F-01

:e -ASo_ 3. t 70 Z,-E- Ot

9 - t.c, _ 2o 077_ F:-OI

76 "0°_ ]. 6n2OE-Ot

1 D 69,,,9 I ° 1 96OF-el

1 ]. I t 8°_ 7.7'56 8F-02

! '=; 16£,.0 ? °66O5E-02

73 -I _6,0 -4., 8053E-01

71 -,e 2o _ I°6&SQF-02

7? -_ ][6,0 - -._,7q70F-01

7_ -4.n° 3 [, ! 374E-01

74 -_4° O. Io 2983E-01

7_ -! 7® 9 I.,537 7F-01[

7q .t4,C I, 6403 P_-OI

77 26o e 1,.65 [ 7E-Of

78 67,0 _I.° _ 970E-01.

t2 1 ??.o- 6. qq3aE-n2

' _ !4-!.0 _, 62¢16E-07

t4. 1.Ao.O 5.04-_ 2E-02

! 6 _.c_.'_ ] • 1%Az, E-e?

T7 :'?q°O -t°!?OOE-O2
_ 26&.0 -3. 611 OF-O?

_ 2°z,. 0 -5,26.I. 25-02

20 32&°0 -6° 6066_-C2

_I -_6.1_,0 -7° QTQ2_:-02

6q _'_7,C -7°7236E-07

66 387°0 -8,5891E-02

67 40_° 5 --8° 8900E-02

58 496°7 ' -9,3028E-02

?_ 787°0 -8o ] Oq4E-O_>

73 4! o.O -8.0511E-02
_4 "-40° 0 -7° 8012E-02

5 &7"o "I -7,4646E- 0_.

_. _OAoC -6° Q25_E-t'_

7 g I Q, n -_06t%77E-C_.

",n _4"_0 ? -5, o636_-n2

_o 5Olo7 -4o &4.T6E-C2

3"_ "4a, 6 -205 c_38=--0__

_ 67_o 7 -I ° 5490E-07

Total**

Slope

rad./in.

1.557QF-37
l .'_'_15 E-03

).° 4480E-03

l. 3%8SE-Oa.
I° 302_0E-03

1.2&OSE-03

t. l(,._! E-33
l, 044.2_-93

8, 55q1E-04.

7° 5996E-0_.

7° 6117E-04.

7, 4550 F-O4.
7, 0880E-04.

-6° 5827E-03

-5.1_32E-03

-6. OSISE-03

-1. 1492F-03

-I° 1%q4E-O3

I° 8266E-0_

7e 4047E-04

6, 2858E-0_.

5, 27q3E-04.

7°!031E-04

v° t 304F-04

7° 0965__-04

6° 572!E-0#

5° 9_70F-04
_,.0271F-04.

4, 1055E-04

3,0591E-0_

l° 50 66 E-04.

!. 5_82E-04.

_,6615E-06

I, $739F-0_.

l° 6761E-04.

0.7354E-05

2.71 20E-05

-3° 0918E-05

-7, 3_34E-05

-t. 1729E-C)&

-1, 3626F-0_-

-I. 7311E-04.

-?, 2&T3E-O_.

- 2° 4.717E-0(,.

- _'.,4._.4.2E-04.

Bending

Slope

rad./tn.

3.7606E-03

3,9045E-03

_,36_6E-03

2,52516_-09

2, B428F.-O_

2 °2260E-03

2°28gaE-03

2,3460E-OB

2,2700E-03

1.1105E-03

8,46 90E-06

_° 3378_-D4.

7°859_E-04

-6,8492E-03

-_ ° 14.57E-03

-6.05ISE-OB

-1° 524&E-03
-I • 1 4..95 F-O B

-6,0146E-04

2,, 93 23E-0_.

6.2 517E-04.
6, 1179E-0_

7,274RE-04.

7.2097E-04

7.2267E-0/,

7.8832E-04

7o 24.78E-04.

6°3071E-3_

5,3301E-9_

4,2148E-06

1.7 321E-04.

q,.,8592E-05

2,157t-,,E-O _-

1,8761E-0_

1,7963E-04

I, 82'_0F-05

-5.3135E-05

-I, 1232F_-04

-I, 5631E-0_

-2,0156E-04.

-2.93glE-O_

-2. 8396E-0%

-Bo3626E-0%

-9° 5971E-0_

-3,566gE-04

' 4-31



TABLE 4-17. LATERAL MODAL DATA SLV-3C KICK STAGEMATH MODEL 17
(CONTINUED)

lb-sec2/in.

Mode 3

Generalized Mass = 4. 7611

Frequency = 5. 7668 cps

Node Station

No. No.

Bending Total**

Slope Slope

Deflection rad./in, radJin.

-5, 3303E-03" -2, 3! 26E-04 -3,.3777E-34

4, Oq47F-03 -2, OR39E-04 -3o0824E-04

I. P575 E- 02 -I ..7770 E-04 -2,6766E-04

I, o_O&E-C2 -I, 3777E-04 -2,0917E-04

2, _6_.6E-07 -q, 1.1560E-05 -.1,3525E-04

2,7A64E-02 -4, 4851E-05 _c;, _551E-05

?. 812 IE-O2 -8., 3118E-07 I, I 723E-0_

2, 6q56E-_? 3,8522F-05 6,.7829E-05

_. 405 IE-C_ 7, 41 _8F-05 I. 0773E-04

_., IC'2 5E-O? 9, 87C5E-05 1.3C 90E-3_.

i..672 QF_-02 I, 2376E-0_ I, 5635E-')4

I, 12_7E-02 I, 4730E-04 1oTg72E-34

5, 1887E-CB !, 6662E-04 I, 9874E-34

-I, 62_0E-03 I, 81 47F-04 2,1273E-06

-q, 6o07E-0_ !. 91 q3 E- 3_. _. I F_82E-04

-1,0965E-07 Ioa422E-04 2.0705E-04

-I,6699E-C_ !,,q671E-04 ?,OROIE-04

-10 983RE-('2 !, Q73?E-O¢ P• I0'_6E-04

-_,461 C;E-O? I. 981 BE-Oft 2,2251E-04

-2..7257E-_2 1, g895E-O# 2, 2C 50F-34

-2, 72_7E-02 _, gAO&E-O_ 8.g425E-04

-5, 4086E-02 8, Q414E-04 8,q433E-04

-1,6'_ RE-O? 1,95qOE-04 2.0686E-D4

-I.. ORO2E-02 I. 9qO6E-OI+ 2.0958E-C3_

-2,, 50R3E-02 !., ggOTE-04 2,1525E-04

-_. 7391F-0_ I. 0921E-04 2.1204E-04

-3.. 3663 E-C_. I.qQ62E-O_ 2.3662E-0_

-3. RTA4E-O_ I. gqTOE-04 2. 340RE-04

-1,1307E-02 4o 5 _87E-0 4 #, 6366 F-04

-I, qSl 6E-02 4..5495F-04 4,5377E-34

-3, 2734E-C 2 4, 6'_52 E- 04 4,5528E-0_

-3.5_37E-C2 4o 6568E-0¢+ 4o6644F-04

-3, ¢;5_ 2E-02 7,,6917E-04 7.69glE-04

-_,, 86_OE-C? 7, 6078E-04 7,7052E-04

36 _)_9o ?

_o e06.6

• ? 0o2.5

_4 1C57,0
45 I roC_,P

&_ !160,5

(_0 11 "7¢ 7

5_. l_lO.n

_ 1.210,3

_ I240.0

_'. ?.16o.n

_ ! _. 7_,.9

_6 I PCA, 0

_7 ]21 2,0

_0 1160,0

6_. !176,0

6_ !206,0

63 1_12.0
_t. !.712.0

65 _?4?°0

*-_. 3303E-03 = -5.3303 x 10 -3

**Includes bending and shear slope
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TABLE 4-18. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

Mode 4

Generalized Mass = 14. 368

Frequency = 7. 5955 cps

Ib-sec2/in.

Node Station

No. No. Deflection

I -3Cn, 5 3,0777E-CI.

-_7(`,5 2,6471F-01

4 -lOP•_ !•4t+64F-C!

-]56.0 I.?OgC_F-CI

-_B_•_ !•Of 1•E-O)

7 -_?.'_ 5•8=;99E-C2

q -e+_oO _•n4AcE-02

o -Io9 -6o4_POE-O _

_6 2('°0 -2• 1379E-02

t m 6a°_ -2• 7777E-0_

I | 1 ! _. 9 -702206F-C,?

! _ ! 68o0 -3• z_?S7F-02

70 -I _6.0 -6• 0570E-C4

v! -82,0 -qo 7360E-03

v_ -I !6• 0 -_o 4132E-03

73 -4A.n -l.38q6E-02

7_. -34•0 -I • 57a2F-02

7_ -) 7.0 -l.7nO2E-r2

v_ ]4.0 -2.051 5E-02

v7 26.0 -2o 241 3E-02

7q 62• ,9," -_• Q! ':}aE-_2

_ _ _2. _ -3o 4206E-07

3 1_+1 ,n -_o4252E-02

l_ !_.n.O -3. 4273E-02

' 6 )_¢o0 -3, :',744E-07

? P2_°_ -90] A4qF-r?

! A ? _4, r -2. 8037E-02

l o po4•c -2o _52OE-02

20 9_4.3 -1. 800 8E-02

_l 76],0 -I oO061E-OP
¢_ _ 37o "_ -I. 4nF OE-02

_7 4_2, _ -2.518 7F-03

6 A 4 P6. " ]., _75 7F-03

_'2 3.R7,0 -3. 6676F-03

__ Z_l9.0 4o 3q_ 3E-(_3

_4 _'4_o 9 I • lOB3E-C_

_ 47_.n I • _203F-02

°6 504•0 _.•_ 39 fiE- .C..2

_v =I0,9 Po R830E-Q_
_ 549.? B.4422E-C2

?O c9107 @o3767E-02

_0 6 4&. 6 5. OPo_F-O_

"_! f7=o 7 5olR62E-02

Bending

Slope

rad./In.

5,_552F-04

5.2612E-04

6o8192E-04

4, 3025.=-04

4o0544E-0_

3.8555E-04

3, 3048_-04

2. RI O_E-O_-

1.q44£E-04

I,48nOE-9_

l, 0647E-0_

6• 0971F.-05

I•A327E-05

I• 2_ 67E-0_

1.2&ESE-O&

!, 2463E-04

Io3535E-04

I, B540E-04

1.4202F-04

) . 486qE-04

I, 8577E-0#

I. _7e2E-04
Io 2OqTE-05

1.3_31E-0_

),,3564E-05

-2. 597_E-05

-6.15_7E-05

-I.O] O_E-04

-i. 91 61E-04

- ;.,5F_+SE-04

-Io _585E-04

-) o 8647E-04

-I, 8_.5RE-O_

-1. 8560E-04

-I, 8561F-04

-I• q3_7E-04

-I. g742E-04

-!. 0567E-0_

-1• 9320E-0(,.

-I. 78 F_SE-O_.

- I. 712'_E-Oe,,

-I, 5943E-0(_

-9.4O58E-05

-l. 3_a_,E-05

3•9708E-05

Total**

Slope

rad./in.

I,7162E-03

I._611E-O_

!o4663E-03

.'I..0 122E-03

o. 048_E-0 _.

RoB157E-04

8o_AA6E-04

8.! 41RE-O#

7,9605E-0_

2 ._442E-04

1,]161E-04

6o5289E-05

7•4179E-06

|,2309E-0%

I•2551E-04

I, 2463E-0_

I•2300E-04

I.9540E-0_

I.0746E-04

1.2897E-04

I• 8774E-04

I•9314E-04

-I• 56_3E-06

3o6535E-06

Io4523E-06

-4o0O34E-05

-8.5040E-05

-I•3154E-04

-I,5777E-0#

-I• 9882E-0(_

-2,1294E-0_

-2•0671E-04

-! .82CC)E-0#

-1.8_3_E-0_,

-I, 8605E-04

-2,4945E-0#

-2o 5 339E-O&,

-2,5143E-04

-2, _543E-0_

-2.3341E-0_

-2,32q6E-O_

-2,1924E-04

-I o6285E-0_"

-Ro 068_E-05

-2 o6057E-05
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TABLE 4-18. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

(CONTINUED)

Mode 4

Generalized Mass = 14.368

Frequency = 7. 5955 cps

lb-sec2/in.

Node Station

No. No. Deflection

_Y 7f_?,o 5,171nE-n2*

_ 71,! o0 t+° ?TS6E-C2

_5 vaCoL 3. 203 z,._-92

"46 8]a.2 I°R_&.SE-O?

_7 nZ,-Ro _ -"o 3&_?E-03

_I _77°6 -] e13A6E-O_

_o eO6o& -? o6764E-0_

4.0 q_ 7. z,. -3.713 6'5- 07

&1 q62° ,A -4. 603 7E-C2

e,9 oQ7,_ -_, 510n F:-02

4_ IC_5°e -6° 2a43E-02

<,a 10 _7.0 -6° R062E-02

&5 ICOOoO -6° q579 E-O_.

-"& .1.! 22. _ -6o 58°6E-02

,'.7 .I13goO -£°_71 6E-O?

4A I iAO. 5 -_, I l& 2_-02

&o I] 7_07 -5 °0648E-02

50 I !0_.0 -5. 8733E-02

.! !P! C,C. -5, flq53E-O2

_2 !2t0.0 -5.8a55E-02

'='_ '_ 2z,.Oo n -2.5o, 9E-CI

_& ! 160°0 -5 ° _708E-02

qg 1 !.7Ao_ -&°t,_9_-O?

_i_ _ 20600 -3",03! 2E-02

_7 12!P°T -2. 875", E-C2

r,8 lPZ_2o n -2o 05! 5E-C'P
'_q 1267o0 -[° "_ci]._E--02

&O 116r°O -_. 73 _ 9E-01

Al 11 76_0 -I•O_Z?E-O].

2 !2_6.0 2. l 62 3E-0!
,_= 121 2.0 :_oaO66E-Ol

6t, .12'_ "_o0 _. 8n67E-O[

£ _ ] l_&_" O I .ODOOE O0

*5. 1710E-02 = 5. 1710 x 10 -2

**Includes bending and shear slope

Bending Total**

Slope Slope

rad./in, rad./in.

o°8! 54E-05 4°2984E-05

I. 5_ 20E-O_ I. 5473E-0#

?. 17?OEIOa 2,aaO4E-O4

2o 6B3RE-O_ 4° 2467E-04

3.O23qE-OA 4.a84__F-04

3, !617E-04 5.1 31 tE-Oa

3, 1067E-04 &. 8506E-0_

2° n952 E- 0_. "-, 3258E-O&

2° _&_gE-O& _ °76 26F-04

2° I 815E-0<, 9.2 c_44E-04

|.,56_1E-04 2. 7570E-04.

9° 735"J E-05 2.02"_2E-04

1.7006E-05 1.03 q'2E-04

-7. 1314E-05 -_,.3936E-05

-].° 5944E- 06, -I° 7631E-0@

-I. 8_06 E-04 -2. 0215E-04

-l, 6536 E-O_. -q.3 l _tE-05

-I.6042E-04 -6°0724E-05 .

-1.527" E-04. 2.6023E-05

-I. 4535E-04 2. I 865E-05

6. 6705E-03 6,6721E-OB

6° 5714E-03 6° 572_E-03

-2. _q77E-O 6, -4° _484E-gf,

-2° 648 _ E-O_ -5 o 5 4_0 E-34

-2. 890BE-Ok -4-.3015E-04
-2. 8296E-OZ+ -2. 6893E-0_

-2, 8266E-04 -2.7724E-06

-2.8261E-0_ -2. 7996E-04

-l. 0687F-02 -I . 0634E-02

-I. 06qC E-02 -I,063_E-02

-I, 0714E-07 -I °069qE-02

-I. 0721E-02 -1.0743E-02

-2, 3q41E-02 -2,3962E-02
-_. 3970E- 02 -2.3 qC*tE-O__
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TABLE 4-19. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

Mode 5

Generalized Mass = 5. 5635

Frequency = 8. 0282 cps

lb-sec2/in.

Node Station

No. No. Deflection

1 -??r o= 7,pq4]F_r I

+ -1 mC+5 !oO005_-Cl

@ -1 56_e _,[067r:-m2

6 -' _3., r) 6oAqORE:.-02

-4P+. ? "J..o 47P 3_-02

_> -!,r' -I.?6#_E-O_

t", _Im.,',.... -7+ _RS_E-r,?..

'.! llm.9 -_. ",70 1_-O_P

I 5 1_m.O -_. 5782E-C2

vO -I _6.0, _,.qo64_-0_

71 -mT.C_ -I o'_?_.rE-62

72 -! I F® r' -"o _I!.qAE-O_

73 -#m.n -!, _504E-02

Va -'_4_ _ -7o01/9F-02

7q !_.O -?, ?._ 2E-O?

77 26,0 -2, _q26E-02

v_ 6200 -'_,, 8200E-02

I _. !72,0 -_. 7577E-02

!._ 14o_C -_. 6S39E-C2

] 7 22o_9 -?,OROCF-r2

IR P64o_ -] 06_5 I[E--02

,o 2OAoO -! .21. ARE-O?

0 _,0 n -7.32? _+E- C+B

71 761 •O -o0 ATO.! E-04

_,q ? 37.') -4. ?23 61=--03

A_ 3q'?o C 70 5574_-C3

S 7 _07o S ¢_0 67_ 8E-CB

_,N _.p A,,"7 7, _I09E-09

??. ?._7, O ?, 16(_E-C3

24 _,4q+ m I. 7776E-02

2_ 4T_.9 1 • _4! 6E-C2

76 50_. 0 2. 050n_:-02

77 =l°,O 2o 2¢07_.-C2

2R 547. ? 7+, 53_0E-07

_o Fo_. 7 "_.OOOOE-C2

31 _-7=. 7 So ?6n_-o_

Bending Total**

Slope Slope

rad./in, rad./in.

I. _g] 0_-04 I. 3608_-03

=. F_?OPE-O# I, 1 5611=-03

3o ¢,,_#4F-Oa i. 1555F-03

3, O'_ R6E-O4 7.7 8 !5E-04

?, F_471 F-O# _ ,_ 752E-0#

2, 6721 E-O# 6,2509E-0_

?, 2_AIF-O# F_,I 738_-04

] o qP43E-O# S. 9805E-9_

!.,I797F-3_ = ,BO52E-04

7.5_87E-05 i. 7799E-0_

4, ii 39E-05 3._ 137E-05

5,759#_'-06 -I.0B09_-06

- _. 7BO6F-05 -C. 2032E-05

2. 7106 F- 04 20 785_E-0_

2. 5078E-04 2.6004F-C#

_. 5577E-0¢ P, 5577E-0_

], 1743E-04 101295E-0#

I. ITSOE-O_.- -1.1751E-04

_: 5244E-05 a,47R4E-05

7,673qE-05 _,.5 06qE-05

I. Igb3E-9# I, 7075E-0_.

101990E-0_- 1.2652E-04

-2,, 899OE-05 -#, 2115E-95

-R. _7RR E-05 -3. 7376E-05

-P, .R"ROF-05 -3,9261E-05

-5,_O51E-05 -8,]2.Q?E-05

- 7. A424E-05 -I, 0 954E-0¢

-9. 8345 E-05 -10363__E-0/+

-I* I?qSE-O# -I, 5451E-0_.

-I* 2"_ 32 E- O# -106710E-0#

-!. 2995E-O_, -105080E-0#

-_I . _0! CE-O# -I, 9653E-0_.

-1 • 33_'50F-04 -I • 3/_74E-0_

-!., 3068E-0# -1,3320E-34

-!.03072E-04 -!03267E-0#

- I • 295IE-04 -I. 5 867F-0¢

-I. 2637E-0_ -105S2gE-O@

-!. 20 53E-0# -I. '_gl AE-O4

-!. 13 =_qE-O(_ -I. 416"E-0_

-I. 02_6E-0# -1. 3023E-04

-0. 6520E-05 -1027 18E-04

-_,C_65E-05 -I, 1434E-0¢

-_.1265F-05 -7.4SIIE-05
!. !K,12_:-05 -2. C (}F_IF:-05

_. 4._16F-05 I. 3122E-05
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TABLE 4-19. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 17

(CONTINUED)

Mode 5

Generalized Mass = 5.5635 lb-sec2/in.

Frequency = 8. 0282 cps Bending Total**

Node Station Slope Slope

No. No. Deflection rad./in, rad./in.

3 "_ 7C'7, .3 _, I 7_(_F-02" 8,0_41 E-35 5,517RE-3_

9 7 _I. _ _, 0z,q q=-O2 1 ° I 606F-0(* 1 ° ._24gCF-04

m_, 76_ oC Z, z,57 ]. P.-n? !.o50t IF-04 20] 474E-04

5 7c_0, l 1,7m46_-O? _.,7796 E-04, 2,8907E-0 _.

_ 81 a,2 7, Q0_Z_E-03 1, g#43F-04 3,263QE-0t,

"47 848,9 -I, 73C0F-03 1,0773E-3@ 3, P.3 64E-04

"_Q _ 77,5 -'I• 0 S49E-02 !.o 80 ITF-0@ 2, O 360F-04

"_g e°,6, ._ -lo g777F-O. 2 Io 71 65E-04 2,5 I14F-04

_0 o_7. & -?o 5,911E-. n? ! ."648E-0_ 2. l 114E-O_

41 o62, 6 -_, 974 QE-O2 Io 2227F-04 I, 807_E-0_

,+_ oo?® 5 -3o 5_40E-_? 8o 9120E-05 !, _620E-0#

& 3 _.C ?_, C_ -'_, aSOSE-0_. 4,06519F.-05 !, 0077E-04

44 ]r57,0 -4,210_ E-C2 -t ,,T&'_E-06 4, 04,7(_¢-35

a_ I_'on,n -4o _?_E-02 -5.3',86E-35 -&.482?E-O_

t._ _] ??, _ -!, g21 qE-.n? -], 0(-_.OE-0# -._,?03SE-04

z.7 1! _,n -_, 7_56E-O? -I, tT88E-g& -!, 5330F-S'&

_ .I_.60, _., -3-, 19(_ I_:-C? -lo 78R1E-Q4 -2,R707E-04
%c) ]17_o7 -_P, 597_E-07 -l, 9g04E-0(, -&, 5 q76E-9_,

50 l_ 08,9 -t, l qOSE-n2 -2, 3_03 E- 0(_" -q, 96!5E-0#

_ I?I0, O -8,765 OF.- 0¢, -_, b0O_E-04 -9, _378 F.-0(_

.. _ _ _ 9360E-C25_ _?tno0 -8, _¢)].7E-n# -3,3353E-0_ -.,

5_ I7K,0,0 [o0OO{_E r)C -_o335_E-02 -go_364F-0P

S_ t] 60o0 -_, _60CE-n_ -] o1892E-04 -I,2071E-34

_ !17Ao0 -3,9_6F-n2 -][olOS._E-0_ -I,?R56E-0(,

6 _ ?OAon -?o nSQ6E-02 -[o 1976E-0# -] o D675E-0_

_ " $I #4P-C _ -l° fOSSE-04 -I,OO_4E-0&

'=_ ]. 7 "_ o C' -_'. &O? _,E-O? -I.. 190_E-0%. -1,, l O 50E-OK,

_0 t_7,0 -2o 20R I, E-02 -1, 1901E-0# -.Io I #I6E-0#

t-9 1.I._0, .n -f+.,7722 E-02 -6, g746 E-04 -600z,31E-C 4

A t I_I76, n -_, 6 _,I.2 =.-OZ -6, 9767E-0& -6, c)456E-(]4

49 1_ C_. O -I. 575 _E-O_ -&. g9IOE-04. -6,,, 9790E-0 &

'-3 IZ] 2,'} -t, .I.5R _E-O# -60 9 a52E-06 -7,00 35E-O&

%4 1")I_,C' -].. ]._.55E-C? -I, 4c_q_ E-O "_ -], 5001F-93

(',_, i 2 z,._. _ _. 3_76E-0_ -1. 5011 E-03 -1. '_0 19F_-93

*3. 1754E-02 = 3.1754 x 10 -2

**Includes bending and shear slope
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TABLE 4-20. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

Mode 1

Generalized Mass = 30.662

Frequency = 1.8903 cps

lb-sec2/in.

Node Station

No. No. Deflection

t -_0C'_5 IonC_0F 00

2 -270o _5 g. 3°C'6c-01

3 -230_ 5 qo _7!0E-O1

4 -18Co 5 7_ 5701F-C 1

R -156_ 0 70 09Oq E-C 1

6 -133o0 60 6454E-0 t

7 -82., 0 5o 6558E-n 1

ct -4_o O 4o Q9 IOE-C I

Q -loC. 4o n_65 E-C., 1

v6 2C_,,O 3o53OlE-01

I0 6RoC 2o7720=-01

I 1 I I _o 0 1,, 8O#3E-C I

I':; 168.,0 Ion5!7E-Ol

70 - 156o 0 70 5CO3E-O 1

71 -_ 2o C 5o 6386E-01
72 -ll6om Ao _O76F-O1

73 -48oC 4oqqlOE-Cl

74 -34o_ 4° 7345E-01

75 -170 0 4_ 3630E-01

7q 1 4,, 0 3c 7465E-ql

77 26, 0 30 5349E-C I

78 6200 2o 9134E-01

. 12 122o0 Io 7775E-01

I 3 14 Io 0 !o 4777E-01

14 14oo n I. 3515 E-C I

16 l_goe 5o 4682E-02

17 22Ooe 8_ z+124F-03

lq 26400 -4o io ?C'E-C' 2
19 2o4oc -8© 1575E-02

2n _2z, oO -Io176_E-01

21 36100 -I. 5601F-C I

60 337°0 -Io 3_GSE-OI

66 387o0 -1o 8O31E-C1

67 402.. 5 -lo O41_E-O 1

68 426.7 -2° 1556E-01

22 387_C -lo 7966E-OI

23 419o n -2° O5O4E-OI

24 44°0 O -2.26 12E-0 1

25 47400 -2o4164E-01

26 504o '_ -2, 5771E-01

27 5 19o £' -20 646gF-0 1

2q 5&3_ 2 -2o 7424E-0 1

_0 5qlo 7 -20 8531E-01

30 644.6 -2o 84 74E-01

"_1 67 3o 7 --2e 786C E-O l

Bending Total**

Slope Slope

rad./in, rad,/in.

Iu 85241=-03 2, CRSt_=-O3

I. 8485E-03 2o 040g_-03

Io 8304E-0 3 2o 0_23E-03

Io 8285_-03 1,, 06 30F-n3

lo R233F-O 3 1., q4-51F-03

1_, 8186F-03 1,, _346E-0,_

Io 8057F-03 lo q473c-0"4

Io 7935F-03 Io O74D E-03

I07704F-03 Io 084q_F-03

la7573r-03 Io 8376E-C3

Io 7154F-C 3 lo 7845F- .r'3

1o6'_38F-0_ ]o7233E-03

I, 5739F-03 Io 6303F-03

2° 4936E-03 2o 5383_:-03

2o 4266E-n3 2o 4263F-03
2o t 5_4F-03 20 l 594r-03

lo 832 1F-n3 lo 91 91_-03
Io 832__-93 I,,R 320F-03

I,o 7q47E-03 20 O0 06E-03
1076C OE-03 I° R R 30F-Q3

Io 7Z 73F-03 Io 72651=-03

Io 727_F-03 Io 7234E-n3

Io 5743E-C'3 lo _7o0E-03

Io5742F-93 1o5772E-03

lo 574 IF-03 lo 5777E-03

to 490 3F-O_ 10 5865_-03

10 3995E-03 lo4961_-03

lo 2810T-03 lo 37 74_-03

Io 1688E-03 102644t=-03

Io0469F_-0"_ 1o 1413E-03

8o 8329_-04 90 I 5.04E-04

8o8204F-O& 9o7155E-04

80 84585_-04 80 o607F-04

80 8498_-04 80 8976E-04

8o 8494E-04 Ro 8793E-04

8,1171F-04 8o3866E-04

7o IgR4E-04 70 4700F-04

6° 3154E-94 60 5836F_-04

5o 560,2F-04 5o 8235E-04

4,6313E-94 40 88g_E-04

4_ 1577E-04 &o 44R7E-04

3.0717F-04 30 3960E-04

_. 3322_-n5 Io 15 35E-04
-I. 703 I=-04 - 1_ 38 71E-04

-3_ 1428E-04 -20RBO2E-04

4-37



TABLE 4-20. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

(CONTINUED)

Mode i

Generalized Mass = 30.662

Frequency = 1.8903 eps

lb-sec2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

-2o 68POF-O I* -40 5757F-04 -4_ 3C 2RF-04

-2o 5364E-01 -5o 9473F-04 - 5o _4 4_2E-t_4

-2° _426E-01 -7+ 297C, F-04 - 7o 4744F_-04

-2o I014E-01 -Bo 6297E-04 -9o 0£71E-04

-I, 814OE-O i -9., 9758E-04 - Io 0S45_'-_3

-Io4_95E-01 -Io0973F-03 -I_1759_-03

-IoI32IE-Ol -IoIq02_-03 -Io2749E-03

-7o 4876E-02 -Io 267OE-03 - ] o 353hE-C3

-3o 2127E-02 -1o 3355E-03 - I_ 4163_-03

4e 1427F-03 -lo3808E-03 -Io4563E-03

4o 8_14E-02 -1,4255E-03 -Io 5oqoE-.n3

9,, 7766E-02 -1. 465 5F-03 - 1° 53 o5 _-O_

Io 4750E-0 1 -Io 4961F-C'3 - Io 56_;qE-03
I, 9945E-0 [ -1o 5174E-03 -lo _771E-_'_

20 5071 _-C' l -I, 5306E-03 -IQ 5754_:-03

20 67 I 8E--,] i --lo 5332r--03 - l_ 554_'E-03

3,.1092E-01 - I° 5361E-0 3 - ]o 5_ 3_-03

3° 3351E-01 -lo 5367E-03 - I. 55 37_-C3

3.68 IQE-Ol -I, 5374E-03 - Io 5627¢ -03

3o 86_0E-01 -lo 53_0E-03 - 1,, 5'_ qTr-,.03

3, 8689E-01 -200 I05_-03 -20 01 06E-03
40 4722 E-O 1 -20 O i 05r-03 -2° 0107E-C,3

3° 0887E-01 -lo 5359E-03 - lo 5L63_-03

30 3363E-01 -1o 5370F-03 -]o 5" 75F-03

30 8C'_5E-01 -io 53R1 r-03 -io r _-_4E-03

3_ 8944E-01 -1.53_3E-03 -1° c'_" _2E-03

4° 3'=;99E-01 -lo 538_E-03 -1.5 _.82E-03
4o 7460E-C1 -io 5389_:-03 - Io 5467E-03

30 0629E-01 -I, f-',9o2 E-03 - 1o 6086E-03

_o 3347E-01 -I© 6992_-03 -lo 6986E-03

30 Rk43E-O 1 -1. 6995F.-03 -lo 69cJSE-O_

30 9463E-01 -1° 6996E-03 -1o 7_n3F-03

3, 9463E-01 -10 8517E-r)3 - Io _523F-03
4o 5020E-C 1 -I° 8519F-03 - 10 8525E-03

Node Station

No. No.

32 702o9

33 731.0

_4 761o0

35 790o 1

36 ,e 19:, 2

37 8480 3

!L_ 877° 5

39 00606

4_ 937o 4

41 q62o 6

42 o92o5

43 1025o0

44 10_7o O

_5 ICQCoO

46 1122o_

47 113300

4_ !160o5.

4q 1175=7

50 1198o0

51 121000

_:_ 1210o¢'

53 124C_0
54 1160o0

55 I176o n

56 120600

57 1212oa

59 124200

50 1267oA

60 11600 0

61 ! 176o

52 1206+, 0

63 1212.0

64 121200

6S 1242.0

*-2.6820E-01 = -2.6820 X 10 -1

**Includes bending and shear slope

4-38



TABLE 4-21. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

Mode 2

Generalized Mass = 25.179

Frequency = 4. 1137 cps

Node Station

No. No.

1 -300o 5

2 -270o 5

3 -230o5
4 -I_Co5

5 -!56o0

6 -137_0

7 -a2s0

-48o 0
0 -I._

76 200 C
13 68o0

II 11800

15 1680C

70 -156oC

71 -@20.0

72 -I 160 ¢

73 -4800

74 -34.0

75 -1700

79 14.0

77 PbsO

78 62e0

12 12200

13 141o0

14 140o0

I_, lqqo. r.

17 22goP

18 264_0

19 29400

30 324.0

21 361o0

_q 3370 0

66 38700

67 402, 5

68 426o7

22 3B7o

23 419o.0
24 44900

2_5 474..0

26 50400

27 519.0

2_ 543o 2

29 5qlQ7

_ 644°6

31 673o7

lb-sec2/in.

Deflection

10 O0_,OE CO

q. r'Co 1 F-r, 1

7s 66 14E-C,I

4,,097_F-C I

50 3867E-C 1

4,_7417E-01

3o3154E-C1

2,_3573E-CI

o. 7344F-02

30 6701E-02

-6o 574 3E-02

-1062_6E-01

-2.47QOE-CI

70 3086E-01

3s 2640E-O I

40 7146E-CI

2o3573E-01 -

" 2sO248E-OI

Io4014E-CI

4. 9652E-02

2o 4458E-02

-4o 914 IE-02

-Io84755-01

-2. I087E-C 1

-2o 2186E-01

-2° 9315E-01

-3o 2842F-01

-30 5820E-01

-3, 7342E-01

-3Q 7866F-01

-30 71 13E-OI

-3o _615E-01

-3. 6247E-_1

-3.55O3E-{ 1

-304458E-61

-3o 4867E-01

-3°1558E-01

-2.7O96E-01

-2s 4751E-01

-2s 0593E-01

-Io 8433E-01

-Io 4633E-el

-6s 856gE-02

I. 3678F-02

5c _535E-02

Bending

Slope

rad./In.

2,454gF-03

2.4364_-0_

20 _939_-93

?o 3434c-03

2_ 3197E-03

2o 2q87g-03

20 2419F-03

201898F-03

2o0933E-03

20 039g_-03

lo874lE-03

Io6565F-03

is 3934F-03

5.4829E-03

50 16986-03

3= 9042E-03

25 3753_-03

2. 375 IE-03

2, 15_9E-03
2.0515F-03

2o0436_-03

2o0477E-03

I. _gl 3E-03

1_ 3917E-03

lo 3922F-03
lo 134_E-03

8o6535E-04

5o 3014F-04

2s 2732E-04

-8o 7306e-05
-4, 8833E-04
-40 9301E-04

-4. 7713E-04

-4* 747z*_-04

-4o 7433F-04

-6. 5044E-Or,

-8, 2140E-04

-q. 5_83E-04

-1. 040q_-03

-Io 1205E-03

-i. 1406E-03

-I. lq41F-03

-I. 2044E-03

-Io0957E-03

-9_ 8242E-04

Total**

Slope

rad,/ln.

30 57,37E-_3

3.33nlE-03

30 36PSg-03

2sQ3Q_--O3

?o8452E-C3

2.7_28F-03

2s R_ 46E-£.3

20 _g05E-03

20 aO 37E-03

2o3166F-03

2s 0476E-03

Is 82glE-03

1o5082E-03

5o6917E-03

_, 1731E-03

309042E-03

2o7133E-03
20 3-751E-03

3o 9706E-03

2° 5137E-03

200436F-03

2° 0467_-03

Io 36 92c-03

Is 3761_-03

I,3718_-03

lc31880-03

I°0782E-03

6o 6q5 IE-Ot*

30 4303E-04

6o 2301_-06

-5o37] IE-04

-6° 46 24g-04

-3° 7411F-04

-4° 3494E-04

-40 516_1E-04

-qo 4457E-¢4

-lo I179E-03

-Io 2516E-03

- 1°3422F-03

- Is 4241E-03

- 1.4ggOF-O3

- I° 58 89E-C3

- I° 59O9E-03

- I° 4914E-03

- lo 377qE-03

4--39



TABLE 4-21. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

(OONTINUED)

Mode 2

Generalized Mass = 25. 179

Frequency = 4. 1137 cps

lb-sec2/in.

Node Station

No. No. Deflection

3_ 7n2o 9 C_o3372E-02"

33 731o c) Io 7550E-01

34 761o 0 Io 50-_OE-C 1

:_5 7Qf;o I le f_)] 9_---¢l

36 819o2 Io72A0_--01

37 848o _ I, 6053E-C I

38 877o5 1= 5ROAE-01

30 006o 6 Io 3940 E-O I

4.0 937o4 [, 1412E-(_ I

4[ 9620 6 (_o9452E-C 2

&Z o02_ 5 5, W579E-02

&'_ 1025,0 2o 2761E-02

&4. IC 570 C -to 6008 E-02

&5 109000 -5o 7887E-C 2

#6 1122.5 -90 qR48E-02

#7 I!33o0 -lo 1328E-r_ 1

4R l 160o 5, -Io 4761E-01

&O 1175o 7 -I, 6635E-C I

50 tlq_R.O -Io q434E-01

51 1210o O -2o e955E-01

52 !210o0 -2, 0956E-01

5_. 1240° 9 -2, <)617E-01

54 1160o0 -1o 4626E-01

55 !176o 0 -I, 6_33E-01

56 120_o 0 -2o 03C8E-£ I

57 1212o _ -2o 1074E-01

59 1242o 0 -2o 4R05 E-01

59 1267o 0 -2= 7867E-01

60 ! 160,0 -Io 35_9E-01

61 1176o f_ -Io 6460E-C 1

6Z 1206,0 -2,1R4&E-01

63 1212o(_ -2o 2927F-C I

64 1212oC -2o 2927E-01

65 1242oC -_o 0184E-01

Bending Total**

Slope Slope

rad./in, rad./in.

-8, 3509r:-94 - I, 2nS IE-C'4

-6e 6225F-04 -Qo 77 T5_-04

-4o 6307E-04 - 7o 0279=-04

-2_ 4C9 IE-04 -3, _75_E-C,4

-904349E-06 - 5a 4741_-C5

2, 0974E-04 20 55771=-0,4

4e 0506[-04 _o 2321E-04

5,,7510F.-O4 7.,3294_-04

7o2532E-04 9_8856_-04

8e 2718F-0& eo _ l _5E-04

9,2918E-04 Io 0 q43E-'_3

1.0224F-03 lo1756f-07

1,0960E-03 Io2_351=-03

to 1405_-03 Io2833_-:_3

I.,1848E-03 Io_Q17_-£3

Io 19_ IE-03 I. 2_41=-_3

lo 2001.F-03 ] o 24341::-0?,
lo 201 qE-03 lo 24q_E-C3

lo _042F-0"_ lo 27_4F-0"_
1o 2061E-03 Io 7601_-03

2, 8865E-03 2o 8R 71E-03

2, 8867E-03 2° 8R 72E-03

I, 2000[-03 Io 2302F-03

1,2)_4F-0 3 lo 2355E-03

Io 2064E-03 lo 2625_:-03

1, 2070_:-03 1, _.552E-03

lo 2085F-03 l o 234_E-e3
lo 2087E-03 lo 224aF-03

lo 7972E'_-03 lo 7947F-03

lo 7974E-03 I, 7948=--03

1,7985F-03 ].o 7982E-03

to 7989F-03 to 8g C'9E-03

2. 4165E-O_ 2o 41 _5_-03

2o 41771=:-03 2o'C] 9f_F- C,3

*9. 3372E-02 = 9. 3372 X 10 -2

**Includes bending and shear slope

4-40



TABLE 4-22. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

Mode 3

Generalized Mass = 16. 899

Frequency = 7. 5671 cps

Node Station

No. No.

1 -30r., 5

7 -27Oo 5

3 -23¢_ 5

4 -1 q¢,. _

5 -15600,

6 -133o0

7 -02._

R -48oC

o -Io0

7_ YOoO

1 n 6_,,0

1l 118o0
I_ 16R.,C

7n -15600

71 -_2o0
7_2 -116o0

73 -4_o f'

74 -34_C

75 -17.,0

79 14o0

77 26.0

78 6200

12 122o n

13 14100

14 IZ,Oo( '

16 190o0

17 220,_ 0
lq 264oC

Io 2o4oC

_2n 32400

21 361_0

60 33700

6A 387,, 0

67 402o5

6q 426.7

?2 3_7.C

23 419o

74 44909

25 4740 o

2_ 5O4o0

77 510o 0

2_ 543°2

?o 591o7

3O 6440A

31 A73,, 7

lb-sec2/in.

Deflection

-A,, 4C,O5 F-C I

-5° _R?3P-c'. I

-4_ 42PVE-OI

-30 2674E-GI

-?o _216E-01

-704_22E-01

-I,, 6525E-01

-l_ l137E-G1
-Io 3251E-hi

-io 42ngF-O I

-Io 2O20E-CI

-Io II23F-Ol

--qo 9452E-02

4c 7066F-01

-8. Ir,_6E-_2

7o 8450E-02

-I_ I132F-Ci

-Io 1771F-0!

-I. 3170E-01

-1o 426qE-01

-Io 41qlE-OI

-1o 43_7F-oI

-lo 09830-C I

-.Io 0143F-01

-0079] 2E-C2

-70 P2I 4F-02

-5_ 41 14F-02
-30 20n4E-q2

-Io _O26E-02

5o6113E-C3

20 6804E-02

10 8437E-02

3,,, 7q _.7E-02

4o 4205E-02

5. _3C0E-02

30 63_1E-02

40 6g34E-02

5o _?OE-02

6o 1673E-02

60 v802__-02

70 n.348E-02

7. 3591F-_2

70 634gF-02
7o3618E-02

6oq537E-02

Bending Total**

Slope Slope

rad./in, rad./in.

-50 2438F-04 -30 _443 E-C'_

-80 8428F-04 -2., 8P2qF-03

-70 9271E-04 -2o 8471F-C3

-6o8519F-04 -1_9117t:-03

-60 3545F-04 -Io 6959E-03

-5o 9163E-04 -lo 5521_-03

-4o 7516E-04 -lo 5707F-_3

-3o 6958F-04 -5_ 7£-24F-04

-20 2l 73F_-04 40 7442E-04

-I, 6477_-04 -2o 2A66_-07

-2o57349-04 -3o 1555F-04

-30 31_6qE-04 -4o Of".15E-04

-4., 0383 F.--'34 -4o 81 46E-04

70 3485F-03 70 _065E-03

60661 BE-0 3 6o 6 f_74__-.03

3. _105F-03 30 8105E-03

40 5642F-04 70 2_2 lE-04

4° 5_76F-04 4o 5670_'0z, -

3o 0427E-0"5 40 4210E-04

-10 4714F-04 _ 7277F-05

4o 6203E-05 50 1 814F-05

4o 7402F-05 7,, 73 lqE-05

-40 0802E-04 -4o 5443E-04

-4_ 0727_=-04 -4o 3742E-04

-4_ 062 IF-04 -4o 4_ 47F-04

-4o4263E-04 --_o 8241_--04

-4o6570F-04 -6o 1999_-04
-4,7266F-04 -6o3696E-04

-40 6050=_-04 -6, 2g 79E-04

-40 3107F-04 -6o 012 IF-P4

-3. 708qE-04 -4o 24R5E-04

-3. 7013F-04 -3o 45 38E-04

-30 7558F-04 -4o 16 33E-0 t_

-3, 7676F_-04 -3_ 0520F-04

-3° 7698E-04 -30 _8 8c; E-Oa-

-3,, 371 3E-04 -30 5129F-04

-20 9422F-04 -_0 nT36E-04

-2. 5270E-04 -2o 6456E-04

-2,, 1724F-04 -2.2713E-04

- 1o 7386F-04 -1,8162E-04

-10 5188E-04 - I_ 58 78E-04

-Io 0188_:-n4 - 1o 0810E-04

-6o 1083E-07 -500910_:-06

1_ 1109E-04 1° 0843r:-04
I. 7300E-04 lo 7171E-04

4..741



TABLE 4-22. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

(CONTINUED)

Modc 3

Generalized Mass = 16. 899

Frequency = 7. 5671 eps

Ib-sec2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

6,_ 3613E-02" 20 334OE-04 2o 4G89E-04

5o5582F-02 9o8964F-04 3_5174_-R4

4¢ 3229E-02 303Q54E-34 4_911")._-04

2o 7132E-02 30 72ROF-04 =;oQ4R6E-C4

9,o_,040E-03 3o 8401 E-n4 60 2_ 7 IE-O4

-9o CTq6E-03 30 7215E-n4 50 Q4._31_-C/*

-2o547qE-C2 3.4089c-04 5,,!79q_-C'4

-3. 9174F-02 2o 0578C-04 4_ 2r, qn_-C4

-50 0836E-02 2, 3847E-")4 _-_4239C-04

-5,, 8630E-02 Io 8672r-04 20 8()43E-04

-6o6037E-02 I. 18ROF-04 2olCI_C-04

-7. 1479E-02 3o 4398E-05 1,, 21251E- r'.4
-7. 3702E-Q2 -5,9012E-n5 90 1746F-06

-7,1975E-02 -l°FT41F-04 -1o4041E-04

-6, 4688E-02 -20 533 7F-04 -2.8q09_-04
-6o 1335E-02 -2o7965r-04 -3°0,.qTTE-04

-5_ 55691=-_2 • -2o. 6727F-04 -2o I _23E-04

-5o 22 Z4[=-02 "-2o 6424E-04 - 200308E-04

-4o qO24E-02 -2o 5966E-n4 -I° 47R2c-rz,
-4o 61 65E-02 -2o 5538E-94 - 1o 52 88_-04

-4e 6166E-02 30 6920F-03 3o 6c_2qF-03

-i. 5696E-C1 3. 6925F-03 "30 6Q34F-t?3
-5,D 06a_lE-02 -30 3'_46E-04 -5o 311 lr-04

-4. r'361E-02 -3° 6059_-04 -60 4954F-04

-2, 0q35E-02 -3o 7qO IF-C4 -60 O 2 _ qE-O,'÷

-Io8776E-02 -307QqQF-04 -3._7353E-04

-7, 4669E-0 3 -30 78RTF-04 -?, 7820c-04

2. C751 E-C3 -3o 7_RRE-04 -3. 7928E-0.4
-20 6542E-01 -100666F-02 - 1o C,604E-02

-qo 5736E-02 -10065qF-02 -1o060QE-02

2. _280E-01 -to 06_3F-02 - to C66.£E-02

2, £705F-0 1 -1. 0690F.-02 -lo9712l=-02

2,_ R7OSE-O 1 -2,, 372 RE-'32 -2o 3750_-02
l. O000E C'O -2. 3757E-02 -2,, 37 7._.c- r) _.

Node Station

No. No.

32 702°9

33 73100

34 7._1o0

35 700. I

34 _19o2

37 84803

3q 8770 5

30 o.n6o 6

4C' q37o 4

41 962,, 6
4? qq2o5

43 1026o0

44 10570. n

45 IOgC, o 0

46 1172o6

47 1133o0

• 48 • 1160o5

40 11V_o7

59 llOmoO

51 1210o0

52 1210o0

53 1240.0

_a 11#,0_0

55 11 760 9

56 1206o0

57 121200

58 124200
5o 1247o0

6n 116000

61 1176o0

62 120600

63 1212oC

64 12!2o0

65 1242.0

*6. 3613E-02 = 6. 3613 X 10 -2

**Includes bending and shear slope
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TABLE 4-23. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

Mode 4

Generalized Mass = 4.9776

Frequency = 7.7260 cps

Node Station

No. No

1 -3(_C° 5

2 -27005

3 -230o 5
4 -1_0o5

-156, C

6 -133.0

7 -a2o¢

-48o0

q -loC

76 2000

lO 6800

II 118o0

15 16_.C

70 -15600

71 -8200

77 -11600
73 -4,qo C

74 -34°C

75 -170C

7q 14o0

77 26.0

78 6200
12 122°0

13 141o0

14 149o0

16 laoeO

17 229°0

18 26400

19 29400

20 324o0

21 361.0

6q 337°0

66 387o0

67 402.5

6R 42607

22 387o0

23 419,0

24 449o9

25 474, 0

26 504, 0

27 5190 0

28 543°2

29 591.7

30 644.6

31 67307

lb-sec2/in.

Deflection

l°hn00E 00

80 6243E-0 1

6o7109F-01

40 7q_5E-OI

40 0595F-01

3°4462E-C1

2_ 1266E-01

I= 24qCE-O I

Io 3053F-01

1o 345qE-01

I¢ 1230F-01

80 6447E-02

5_ 8086E-02

-5. 1188E-01

q', 7CO3F-02
-7° 309q F-02

1.24RBE-01

1,, 2927E-01

I° _574E-01

1.3646E-01

10 3322E-01

1o 2786E-01

8", 2239E-02

7. 264'6E-02

6", 86 19E-02

3",9825E-C2
2",1332E-02

6o 0895E-04

-I, 5720E-02

-3, OIIOE-C2

-4", 4413E-02

-4,, 1269E-C, 2

-5", 1254E-02

-50 4669t=-02

-5,, q366E-02

-40 6907E-C 2
-40 9447E-02

-4. 8249E-02

-4", 7052E-02

-4", 4510 E-O 2

-4. 2845E-02

-3. qlOSE-02

-2° 9729E-02

-1", 7754E-02

-Io 0894E-02

Bending Total**

Slope Slope

rad./in, rad./in.

lo 5q43E-O 3 .go 530"_-F-C_

1° 52q1_-0_ 406745F-03

lo 3804_¢'-C3 4oAq67c-03

Io 206'_=-03 3o 17 16F-0_

1. 1262_r-03 2o _136E-(,3

lo 0558F-q3 20 5714F-03

8",6959E-04 7, 575 IE-O3

7. O190E-04 I° 2493¢-03

40 582n_-04 - lo 9116E-04

3o 5795E-04 20 1534E-04

401503F-04 ao 9351E-04

4° 5626E-04 50 3664E-04

4,753 8E-04 506000E-04

-7. 9867F--03 - 80 4062E-03

-7o 2227E-03 -70 2520E-03

-40 0477E-03 -4o 0477¢-03

-3,, t 64 IF-04 -5o =;582F-04

-3o1681F-04 -301694E-04
Io 5'318F-04 - 1.17 IOF-O_

30 3943E-04 I_ 8723F-04

lo 5645E-04 I, 51 05E-04

I° 5534F-04 1027621=-04
4° 7863F-04 501485_:-04

4° 7804F-04 5° O142P-n4

4.77;72F-0_ 4 5o 0576P-04

40 72001=:-04 6", 1978=-04
4° 534 Ig-n4 6.08,'.c,=-04
4°1176F-04 5o6q47F-04

]058511=-04 5,,1463E-04

2", 894 IF-04 40 40R4E-04

l', 82q4F-04 2° 1147E-04

Io 8118F-04 I° 2341E-04

I',8899E-04 2° 4310E-04

I',9040 .F-04 2",13 IOF_-04

1o 9065[:-04 2",04 41 F-04

I',3322E-¢14 70 4217E-05

7",7755E-O 5 1, 75_,3[=-05

3, 1614F-05 -2,9862E-05

-2", 420RF-06 -6", 5555E-05

-3. 7807E-05 - 1° 0253E-04

-5. 3222E-05 -I. 2867F-04

-8", 3423E-05 - I, 6q38[:-04

-10 2669E-04 -2, 1346E-04

-I° 4753F-04 -2° _4qIE-04

- 1", 472 3E-04 -20 34 90E--04
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TABLE 4-23. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

(CONTINUED)

Mode 4

GeneralizedMass = 4.9776

Frequency = 7.7260 cps

Node Station

No. No.

32 70. Po o

33 731oq

34 76100

35 7QCo 1

3A _1Oo2

37 8480 3

_q 877o5

39 906° 6

l+13 937_ 4

61 O62,,6

42 9Q2o5
(,_ IC25on

44 1057o C

45 1000°0

46 1]22°5

47 1133o0

4.R 1160.5

4Q 1175° 7

_C 1198°0

51 1210o0
_P 1210,0

53 I240.0

54 1160o(?'

55 i176°0

56 120.6,0

57 1212o0

58 1242°0

59 126760

60 1160e0

61 1176o0

62 1206o0

63 1212.0

64 1212°0

65 1242.0

lb-sec2/in.

Deflection

-4° 20 70E-03"

I. q7R7E-03

7© 45O2E-03

1oI727E-¢2

1o4343E-02

i, 5131E-02

Io4242F-02
I° 1979E-02

8o7154E-03

50 7252_-03

1o9311E-03

-2° 4168E-03

-6, 7092E-03

-1,C902E-02

-1, 4399E-02

-Io.5339 E-02

-lo 87qSF-02
-2o C873E-02

-2_ 5215E-02
-2° 8274E-02

-2. 8276E-02

-2°3222E-01

-1,6703E-02

-to 6524E-02

-to 6170E-02

-I° 65q4E-02

-1. 8429E-02

-I, 9835E-02
-6. q9BOE-02

-3, 04 70E-02

4o 35a6E-02

5°_532E-02

5,8532E-02

2° 3045E-01

-to

--I°

--1.

--7°
--_o

--4e
20

40

6°

70

80

90

90
80

7.

7o

8o

90

10

6°
60

60

50
50

50

50

50

--_o

--2°

--50

Bending

Slope

rad./in.

3Q75F-04

2303F-O4

0019_-C4

07O0F-05

74q.BE-05

6678F-06

4621E-05

8741E-05

7965E-05

QO79E-05
7739_-05

2106F-05

1525F-05

6120E-05

7IqSF-n5

4174F-05

(_145F-05

3597F-05

0092F-04

0806E-04

796CE-03

7969E-03

1448E-05

5684E--05

163qF-05

1775E-05

2156F-05

2224E-05

4782E-03

4790F-03

Z_B49E-03

4867F-G3

7217E-03

7288E-03

Total**

Slope

rad./in.

-2.2220E-04

-200085E-04

- Io 6854E-C4

-Io 19 36E-04

-5° 80 _OE-05

2°9226E-06

50 54C9F-05
qo 2606F-05

lo 136qF-04

I, 2228E-04

Io 3107E-OZ+

Io 3482F-04

10 3137F-04

l° 17o0E-04

9, 6957E-n5

80 4a 80E-05

l. 3178E-04

I,6B 12E-04

2, 5639E-04

2°5842E-04

607975F-0B

6o 7984E-OB

1,7072E-05

-1. 2237_-05

3° 2120F-05

6o4428E-05

5. 8750E-05

5, 6255E-05

-20 4654F-03

-2° 4663_-03

-2,,4812E-03

-2049 IgE-03

-5o 7260E-03

-507340_-03

*-4. 2070E-03 = -4. 2070 x 10-3

**Includes bending and shear slope
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TABLE 4-24. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

Mode 5

Generalized Mass = 5. 7713

Frequency = 8.0408 cps

Node Station

No. No.

L -300°5

2 -270°5

3 -230°5

4 -180o5

5 -156.0

6 -133.0
7 -82°0

8 -48°0

0 -Io0

7_ 20°0

10 68o0

11 118o0

15 168,0

70 -156o0

71 -_2o 0

72 -116.0

73 -4800

74 -34,0

7_ -17o 0

7q 14.0

77 26o 0

78 62.0

12 122oC

13 141o0

14 14qoC

16 lqq°O

17 229°0
18 264o0

19 294°0

20 324.0

21 361,0

69 337°0

66 387° 0

67 402°5

68 426° 7

22 387°0

23 419°0

24 44q°0

25 474.0

26 504°0

27 519° 0

28 543°2

29 591,7

30 644_6

31 673° 7

lb-sec2/in.

Deflection

3o4531F-01

2° 0363E-01

2°2238E-01

Io 5095F-01

I° 2348E-C 1

Io 0083F_-O I

5© 2547F-02

2°OOOOF-02

I. 36.g2E-02

1.0702E-02

3, 3571F-03

-3= 4537E-03

--9° 1848E-03
-8. 7491E-02

I, 9027E-02

-9. 6955E-03

2oOq_ZE-02

2° 05RgE-02

l. 7163E-02

1=1601F-02

Oo 8O20E-03

5o 1960E-C'3
--_e _ ? 66E-C, 3

-6, q259E-03
-7° 59q5E-03

-1o 2_33E-02

-1o 3986E-02

-1_- 51e)3E-02

-1°5268E-02

-I, 44 34E-02

-1° 2179E-02

-to 45riSE-02
-Io 0_05 E-02

-q,, 5054E-03

-7° 6803E-03

-8° RR3qF-03

-4° 4378E-03

-60 5494F_-0 6

3° 7879F.-03

8o 3525E-03

1.0602E-02

1° 4416E-02

2. 1246E-02

2_ 6768 E-02

2,, 8630E-02

Bending Total**

Slope Slope

rad./in, rad./in.

6. C373F-04 2,,n75qF-03

5.7933E-04 1.75171=-03
5° 2388E-04 1. 7504F-03

4,, 5q3 1E-04 1,1781F. -03
40 2967E-04 l_ 0406E-03

40 0375F-04 o° 4583F-04

3° 3585_-04 q, 3381F-04

2° 7528F-04 5° 5543E-04

1. 8388F-04 i. 28 18F-04

I. 4378E-04 I= 36q IF-C4

Io 2924F-04 I° 4_4SE-04

I= Oq89g-OA l° 2613E-04

8o 6Z64E-05 90 6497E-05

-10 3011E-03 - 1. 4853E-03

-I. 24q_c-03 - lo 2554E-03

-6°6194_-04 -6.61 _4E-04

2. 8135F-05 1° 8304E-05

2° 8066E-05 2. 8061E-05
1°1044E-04 106402E-04

I, 4095E-04 1° 7146F-O&

I° 3078F-04 1° 3041P-04

I. 3074_-04 I° 2952F-C4

806020E-05 8. 3470£-05

8o 6061E-05 _° 43 lOE-05

8° 6120E-05 8. 3724E-05

6, 3015E-05 7o 8_70C-0s

3o 9q01E-05 5° iO 63F-C5

O, 2178E-06 1° 75 74E-05

- 1 o 7164F-05 - I, 2574E-05

-4o4015E-05 -4, 27 78E-05

-7° 72_8 _-05 -8= 8764E-05

-7= 7954E-05 -qo 9_50_-(35

-7e 6141F_ -05 -6° 52756-05

-7= 5927F-0 5 - 7° 2158E-05

-7,, 5892[--0 5 - 7..3964_--05

--8, O749F-05 -1= 32_4_-04

-i. 0091E-04 - 1° 441q_-04

-I, 071 6F-04 -I= 5050E-04

-I° C926E-04 - I, 525 IE-04

-I,0804E-04 -i, 51 ORE -04

-1,0501E-04 - l, 5490F-04

-O, 8133E-05 - I, 5304E-04

-7.1622E-05 - I. 2605F-04
-2, 6240E-05 -R, O0 19E-05

6.,0298_-06 -4° 7156E-05
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TABLE 4-24. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 32

(CONTINUED)

Mode 5

Generalized Mass = 5. 7713 Ib-see2/in.

Frequency = 8. 0408 cps Bending Total**

Node Station Slope Slope

No. No. DefleetLon rad./In, rad./in.

32 702, _ 2, 84_I E-C2* 4o 2452r-05 -3, 3_ 95E-06

3 _ 731. O 2,8821E-02 8_ 0936E-05 6, q356E-n5

34 761oC 2o 5424E-02 I, 1965E-04 1,6440F-04

35 79Co I 1o q2q IE-02 I, 5497F-04 2o 489 IE-C4

36 819o2 Io 1117E-02 1,7859F-04 3®0107_-04

B7 8480 _ Io 9Ol ?E-0B Io 9023F-04 qo 1420E-04

3e 877o 5 -7oC713E-03 1._8048_-04 2oq874_--04

3Q 0060 6 - Io 5334F-0 Z Io 787 IF-04 2° 671 IE-04

4m Q37o 4 -2c 2986E-02 I, 592.5E-04 209372_-04

41 862,6 -2o 8537E-02 I° 3864E-_ 4 200644_-04
42 082o R -30 42_7E-02 Io6!873E-04 Io 7.52 1E-Q4

43 102500 -30 9Z_3E-02 6o 8564E-05 I, 321 IF-04

44 1057o 0 -40 2720E-62 Zo 1472E-05 7, 2661F.-C5

45 IC90o 0 -4,3941E-02 -3o0138E-05 - Io 385 IE-05

46 1122o 5 -40 I S55E-e2 -8o 1334E-05 - 10025 IE-04

47 ] 133o0 -40 0570E-02 -go 5346F-05 - lo 2877F-04

48 I 16C_ 5 -3o 4725 E-C2 - l° 5516F-04 - 20 61 70E-04

40 I ] 75o 7 -209873E-02 - 1o 7545E-04 "4e 35 72E-_4

5_ 119800 -lo 6513_-02 -2° I[ 58F-04 -_° 8387_-04

51 12 I0° O -50 6451 E-03 -2o 4676E-04 -m_ 2268E-04

57 12 ] 0o O -50 6377E-03 -3° 3512F-02 - 3° 35 ]qE-02

53 124000 loO00OE 90 -3o3516F-02 -3o3523E-02

54 116no _ -3° 8103F-02 -9,7210F-C5 - Io 01 76E-04

5m 1176o '_ -3° 6322F-02 -9_ 8210E-C5 - 10 122 1E-04

56 1206o C -%° 2942F-02 -9o 8674_-05 -8o4553E-05

57 1212. O -30 Z5.'_2E-02 -q° 845 I[-05 -705843_-05

58 124200 -30 (_074E-02 -9° 7841E-05 -8° 71 O6E-O5

5_ 12670 O -2o 7783 E-O2 -qo 7738E--05 -90167_3 E-05

6n 1160o 0 -5, 5933 E-02 -8° 948 I_-04 -80 9054E-04

61 1176o0 -4° 1683E-0_. -8o950qF-04 -8o9C86E-04

6_ 1206_ f_ -1,_ 49 30 E-02 -80 9705F-04 -8o q558_-04

6_ 12!.2o 0 -go 53SAE-03 -8° 9762F-04 -8o g885E-04

64 1212o0 -9053PTE-03 -Io9841F-03 -I,9R54E-03

6_ 1242o O 50 0061 F-C 2 -Io 9866_-0 3 - Io °878E-03

*2.9431E-02 = 2. 9431 × 10-2

**Includes bending and shear slope
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TABLE 4-25. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

Mode 1

Generalized Mass = 31.670

Frequency = 1.8755 cps

Node Station

No. No.

1 -30C°5

? -27005

4 -]RCo5

5 -156oe

6 -153o C

7 -m2°0

-48o0

0 -IoC'

7A 20o0

I0 6So0

11 ] 18o0

15 16800

70 -156oC

71 -A?oO

72 -I 16o0

73 -48o0

7&" - 34.

7=; - 17o 0

79 l&oO

77 26o 0
78 62°0

12 122o0

13 141on

1 4 149o C
16 IoOoO

17 2pO.,n

1@ 26400

19 204oC

20 324° 0

21 361o0

6o _37.0

66 387o 0

67 402.,5

68 426.7

22 38700

23 410o0
24 440o0

25 476.0

26 504, 0

27 510o0

2R 54302

20 50!o7

3C 644.6

31 67307

Ib-sec2/in.

Deflection

l:,r'O_CE OO

g. 38q6E-OI

80 5600F-01

7056_,3E-C' I

7o OR61E-G1

6+ 6395F-01

50 6476E-01

4. 9314E-01

4o_0866.-01

3o 57z,5 E-C I

2o7054E-01

Io 8263E-01

90 831qE-02

8oi156E-01

5o 8161E-01

6o 812q_-0 1

4, O_!4F-OI

40 5855E-01

4o 303'::)[::-01

3o681RF-01

3e 4609E-C'I

2o 84_5E-0I

I.708qE-Ol

Io 4OglE-Of

1o 2829E-01

4c 7837E-02

1.6211F-03

-4,, qSqSE-O2

-8o 9106F-02

-I. 2403E-0 1

-1,62_6_-01
-1o4222F-Cl

-I_ 8615E-G1

-1.qqq4F-01

-2° 21C7E-01

-Io 85461::-01

-2. I05IE-OI

-2. _128E-01

-2® 4650E-01

-P. 6272?-01

-2. 6002F-01

-2o 7826F_-01

-20 8860E-01

-20 8730F-01

-2,, 80qSE-O1

Bending Total**

Slope Slope

rad./in, rad,/in.

l. 8583F-03 2, 0902F-C'3

I. 8544F-03 2° ('439F- 0_;

1o 8455F-03 2oC_50F-n3

Io _ 34RF-03 10 9671c--03

1o _207F-03 Io g4qSF-03

Io 82 _ IE-03 I, q3OIF-C3

Io 8123F-03 I, 05 17E-03

1,800 3;:-03 2o 0 172E-r_

lo 7760_=-0 3 2-, 0;,55 E-(.,'3

Io7615F-03 1_8596E-03
IoTIA'%F-03 lo7qTq[-03

I° 6554_-03 le 7753g-03

I. 5740F-03 Io 6"405E-03

30 0837E-03 3° 1313E-03

3, 0123F-03 3, 0022=-n3
•2.. q�O5F-O 3 2o oa95¢-C3

Ze I 138F-03 ?° lO88F-C'_

2. 1138E-03 20 l 138_-03.
1o _713F-03 2o 0585E-03

I. 7641E-03 lo R7OOF-C_

1,7325E-03 1° 7317F.-03

l. 7324E-03 1o 7787m-03

lo5744E-03 Io 5788F-03

10 5743F-03 lo _771_:-03
le 5742F-,')3 Io g77Ac.-03

lo 4890F-03 lo 5 R55E-03.

10 306gF:-03 1.4q 36_:-03

10 PTf_o_-O3 I, 37_F-0_

I. 1634F_ -(q'% lo 2_80F-03

1.04_IE-03 I,1363=--03

8o7484F-04 OoO635E-04

q° 7448_-04 80 67-751::-04

80 7615F-C,'4 R° 878t3P-r4

80 7646F_-04 Ro R 13WE-04

8o 76K 1F-Q4 8o 7059E-04
8, 9212_-r)4 9. 288 Ig-04

70 1C 041:-04 70 3643E-04

6.2114F-n, 4 6.47 lqE-04

5o 451 8F-04 5.7C74F-04

40 518 3E-n4 4o 76_ 7E-04

40 0426_--04 40 3248E-OA

2. 9525F-04 3° _66qE-04

7o 0789E-05 IoO 182F-04

--10 832 I_-04 - 10 5261 _-n.,4

-3o 2725E-04 -2o 06 c_q9__C4
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TABLE 4-25. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

((X)NTINUED)

lb-sec2/in.

Mode 1

Generalized Mass = 31. 670

Frequency = 1.8755 cps

Node Station

No. No.

32 7020 o

33 731,9

94 761o0

55 790o I

36 819o2

ST 848.3

3,q 877.5

3 ° _0606

4q 93704

41 q62o 6

4q c'/o 2 o 5

43 1025.0

44 105700

4_ iCqCo0

46 112205

47 113900

4,q 1160.5

t.q 117507

50 1 lqSoC

51 1210.0

52 121004

53 124000

54 116900

55 117600

56 12060C

57 1212oO

5_ 124200

59 1267. C

60 I 1A0.0

61 1176o¢

62 12060 C

#,3 121200

64 1212o0

4_ 124200

*-2. 7004E-01 = -2. 7004 x I0-i

**Includes bending and shear slope

Bending Total**

Slope Slope

Deflection rad./in, rad./in.

-2_ 7C n4E-f 1" -4o 7:_52F-04 -4° 44 15F-04

-2° $508 £-01 -6. 0757F-04 - 5. Q7 Q7_-04

-20 35q2F-61 -70 4236_-04 -7° 6952_-04

-2o10_2E-01 -8o7542F-04 -Q02135_-04

-I.81_2F-01 -goog2 1F-_'4 -10C661F-0_

-1.4Rq5E-01 -l.10alF-03 -I.1864_-03

-101292E-CI -Io2004E-63 -102847E-03

-70 z,310E-02 -I o 2776E-03 - 10 362Q_-03

-301291E-02 -I°3447E-03 -1o4240F-03

5o IO17F-03 -lo3_q6F-0"_ -io&645C-03

4. Qz_?4E-C2 -lo 43_-0F-03 - Io 50BSE-C",

n® 9B09E-02 -10 4737E-03 -10 5471F-03

I, 4g?8E-OI -1o 5040E-03 - 1o 5732E-03

20 OI47E-O 1 -10 5251E-03 - 10 5844E-03

205297F-(}1 -1053_2F-03 -105827F-03

20 6q52E-01 -105408F-:_3 - I_ 5616F-03

30 1256E-01 -10 5437F-03 - 10 56 19E-n3

30 "_617E'-0 1 -10 5443F-0 3 -10 56 1 IF-03

30 7102E-C. 1 -I, 5450E-03 - lo 5700E-C3

30_O_IE-OI -I.5455F-OB -I.5_61F-OB

3© _qS1E-OI -20 0135P-03 -20 0 137F-03

40 5022 [-O I -2° 013 5F-03 -200137E-03

30 II41E-OI -I 05435F-0"4 - 1 ° 5'53RF-.'53

30 q629E-01 -i. 5446E-03 -10 5559F-03

"*oq293E-01 -1o5456F-03 -105658_[:-03

3. q237F-CI -lo54581=-03 -1o 56=16E-03

40 Bg] 4F-01 -I° 5464_-03 -105557F-03

40 77c)4_-0 1 -lo 5465E-03 - 105522E-03

30 o,pg6E-Ol -lo 7052E-03 - 107046F-03

3©'_! 3E-C.1 -10 7052E-03 - 10 7046E-03

3, 8727E-G 1 -I, 705 5E-03 -I. 7055E-03

30 q75 IE-01 -10 7056F-03 - 10 706_E-03

309751=-01 -1,8561E-03 -108567F-03

40 532 IE-Ol -I. 8563F-0_ -I. S569E-03
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TABLE 4-26. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

Mode 2

Generalized Mass = 28.740

Frequency = 3. 9548 cps

Node Station

No. No

1 -3CCo 5
2 -27Co q

3 -2300 5

4 -180o 5
5 -15600

6 -133¢0

7 -82o0

8 -4 8,,0

0 -loO

76 20o_

I0 68°0

11 118o0

15 16_°0

7O -156o O

7] -_2o0

72 -1 16o

73 -48oC

74 --34.0
75 - 1 7g 0

7q 14o_

T7 ?600

7.q 6200

12 12200

13 141.0

14 140°_

16 109.0
17 220oC

18 2640 0

19 296° 0

20 324,0

2! 361o0

60 937Q 0

66 3_7°0

67 402° 5
6__ 426,7

2.7_ 387° 0

23 419.0

__4 449°0

25 474,0

26 506° 0

27 51900

28 543° 2

20 591°7

30 644° 6

31 673° 7

lb-sec2/in.

Deflection

7° 7840 E-C' 1

6° 0794{::--C I

5o8880F-C[

40 6113 F-O1

4.0261F-01

3, 4q27F-Ol

2®3141E-01

Io 524qE-01

qo 70°8F-03

-5° 2675E-02

-Io 3904E-01

-2o 211VE-OI

-2° 9056E-01

I° O000F O0

3. 3367E-01

6° 0773E-01

I°525!E-01

Io0270_-01

4o 134TE-C2

-4, ISgIE-02

-6° 331IE-02

-Io 2773E-0 i

--2° 4061E--O I

--20 6127E-01

-2o69o8E-01

--3_ 2607F-C 1

-3. 5234E-01

-3o 72_2F_-C 1

-3° 7O8OF-C 1

-3° 7833E-01

-3. 636WE-01

-30 8175E-01

-30 5COqE-C 1

-3, 62l 9E-OI

-_° 2744E-01

-30 3817E-CI

-3. 0194E-01

-2.63q6E-Ol

-2° 2qO3E-OI

-I, 8693E-O I

-Io 6679E-0I

-1° 2630E-01
-&° 8622E-02

3o 2169E-02

7, 26;15E-02

Bending

Slope

rad./in.

2°0719F-03

200586F-03

2o 0280F-03

10 0918F-O'_

I,g748[-03

leg598F-03

I.9193F-03
1,8823E-03

108016F-03

10754_3F-03
I. 5804E-03

1o 3649F-03

lo 1104E-03
8, 8740E-0 3

8o 482qF-0 __

8o3561F-0_

3o5581F-03

3o 5580E-n3

2, 28_6E-03

I,7628F-03

I. 7875F-03

Io 7_78F_-03

IoI078E-03

1° I082F-03

I. ]089E-03

8° 61+4 5F-04

6o 1121+E-04

2° 9978F-01+

2. 1380F-05

-2°651 8E-04

-6e 2680F-04

-60 3108E-04

-6° 1685E-04

-6o 1475E-04

-6e 11+30E-04

-7° 7143F-06

-ge 2297_-04

-I. 0357E-03

-Io lOq8F-03

-1,173gE-O_

-I, 1957E-03

-I, 2267E-03

-I° 2075E-03

-le 0744E-03

-0°5014F--04

Total**

Slope

rad./In.

20 871+6F-03

2. 706q_-03

2o 7265[:-03

2o417_F-03

2° 3486F-03

2. 3026F:- 03

2o3141_-03

2o6881E-03

20 g946_-03

2o 1_92E-03

lo 7295E-03

105127E-03

I. 2032E-03

g. 1368E-03

8.4373_-03
8o 3561E-03

3° 8906E-03

3.5580E-0_

2. g289E-03

2.13 IOF-03

I. 7886E-03

1°7951E-03

1o 0800E-03

l°0897E-03

10 086gE-03

1.0112_-03

7° 3664E-04

4° C230E-04

le 0141E-01+

-200583F-04

-6° 81 qOE-01+

-7° 71C9F.-06

-5o 2506E-04

-5e ?O56E:_-06

-5° 944gF--04

- 1.0532F-0"_

--le 20 60F-03

- I. 3215F-03

-I° 3079F-03

-1. 663gE-o3

--1° 5702E--03

-1,60 14E-O_

-lo5867E-03

- 1,,4517E-03

- I, 3272F-03
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TABLE 4-26. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

(CONTINUED)

Mode 2

Generalized Mass = 28. 740

Frequency = 3. 9548 cps

Node Station

No. No.

32 7C2o0
33 7_Io 0

3/-, 76 Io 0

35 700° I

36 P10o2

37 _t+So 3

3q £77o 5

40 o37_4

41 q62o6

62 oo2o_

6"_ 1025o0

6.4 1057o0

45 ICg0o0

46 i122o5

47 1133o0

68 11_0o _
&o I 175o 7

50 llg8oO"

'51 1210o0
52 1210oC

53 12/40o0

56 1160o0

5'5 1176o0

s6 1206o0
=;7 1212.0

5R 1242o0

Sg 1267.0
60 I160,0

61 1176+0

62 1206o0

6_ 1212o0

66 1212o0

65 124200

lb-see2/in.

Bending Total**

Slope Slope

Deflection rad./in, rad./tn.

1 o q892E-C' 1" -7,) Q3£_F-C4 - 1. 1661t:-C3

l_3926E-Ot -6°1421F-n4 -o, IIR7E-04

1© 6193F-C I -4o 101 3F-04 -6o 31 35E-04

1 o 7579 E-O 1 -1. o _4R4F-04 - 30 14 1Q¢-04

loSOORE-Ol 4o70771:-05 1070361:-C5

1o 7_01F-01 2067151:-04 3o 220qE-O z.-

I_ 61_6E-0 1 4_ 6225E-06 _, 84 tOE-C4

]o 4133F-(-!I 6.- 30_ 3!:-04 70 8963E-04

1: 14_4E-CI 7o704qF-04 qo4779F-¢_

Ro 9337F-02 8o 8,03qF-04 1o 034vi::-03

5o 68 g6E-02 go 812gF-04 1 a I t 63l::-C3
1o a&q0E-02 1o 073 3F-03 I. 2? 6_F-03

-2o tq 71E-C2 10 145 £E-03 1° 2o2Rg-O3

-6o_432E-02 lo tgq3F-03 I°331C'F-03

-lo )8_4E-'_1 lo2327E-r_3 !o3382_'C3

-lo ?2_5E-01 1o 739RF-03 lo ?Q 10F-C3

-1, '_847E-01 Io 7477E-03 1 o 2902F-0_

-1 o7792E-01 Io 24q 3E-O'_ lo 2043F-03

-2. 0603E-O1 1. 2515E-03 lo 3234_-03

-2,226gE-C i Io 2534E-03 1,3142E-03

-2,, 2269E-01 2o 852n1:-0_ 2o 9525_-0"_
-3o 0827E-91 2o 8572F-03 2o 8527F-0_

-10 5718E-0 1 l, 2475¢:-03 1., 276_F-C3

-lo7762E-01 I. 2507_-03 lo 2£ 17F-03

-2o 1605E-01 Is2537F--03 lo3CqsF-¢3

-2o 23 9'0 E-" 1 Io 2542_-03 1. _C 14-9-03

-2o 6269E-0 1 1. 2557F-03 ]o 2R 1 _E-03

-2o g44_OJ E-C 1 1o ?S6OF-O 3 10 2717E-03

-1. 4734E-01 10 8138E-03 1o 8114F-0_

-1. 7632E-01 1o 813gF-C)3 Io _1. I so-C,3

-2o 3068E-01 1o R 150F-03 lo 8144E-riB
-2o 415_E-01 1o R153_:-n3 1o 8173E-03

-2o 4158E-01 2o 3963F-n3 20 30811:-03

-3o 1365 E-O 1 20 3973E-03 2. Be Q2F-O3

*1.0892E-01 = 1. 0892 X 10 -1

**Includes bending and shear slope
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TABLE 4-27. LATERAL MODAL DATA SLV-3C KICK STAGEMATH MODEL 33

Mode 3

Generalized Mass = 6.7529

Frequency = 6.2185 cps

lb-sec2/in.

Node Station

No. No. Deflection

I -3nflo _ toOOOCF _.0

2 -270o 5 Qoqq07E-CI

3 -23Co 5 70 3765E-01

4 -180o5 5© 7548E--01

5 -! _6o C 5o 0878 E-C 1

6 -133o O 4o 5126E-01

7 -82,,0 3o 2485E-01

8 -48o 0 2o 38q4E-O I

9 - 1o 0 2. 3147F-01

7_ ?0_0 20 2812E-01

10 68_ 0 to 7752 E-O 1

It 118,0 Io 2335F_-01

15 16800 6o 93ql F-C2

70 -156o0 -6o1120E-01

71 -82° n 1o 0536E-01

72 -116o 0 -to 7660F-01

7"_ -4800 20 38_9E-01

74 -340 0 2o 5g 17E-O 1

75 -17o 0 "2o 5436E-01

79 14® 0 2o 3358E-01

77 26° C 2,, 2350E-O1
78 62-00 leO879F-O1

12 122o0 1o 1360F-01

1 3 141o(', 9® 534 1E-02

14 14Oo 0 80 7667F-0__

16 199o C 30 4904F-02

17 22q, 0 30 141. 2F-03

I _ 264o 0 -3o 08 _4E-C2

19 204o C -50 6574E-C 2

20 324, r, -7° 8293E-02

21 361o e -9o 8702E-02

6o 337° 0 -90 408 1F-02

66 387° 0 -1,0854E-01

67 4C?o- =, -Io 1349F-01

68 426o7 -102036F-01

22 3870 0 -Io O199F-C 1

23 41'9o O -I° 0396E-C t

24 449o0 -I, 0140F-01

25 474° 0 --9o 8238[:-02

26 5040 0 --9o 2555F--02

27 510o C --8° 0034E-02

_8 54302 -80 1555E-02

20 ._01.7 -6° 324 IE-02

_r) 644o 6 -4© O054E--02

31 67_o 7 -2, 6700E-02

Bending Total**

Slope Slope

rad./in, rad./in.

1., 72q6_-0 3 4° 279"_E-C 3

1o 6F_74E-03 3° 7z_13E-03

lo 5905F-0 3 ?_ 7041E-C3

1 o4758£-03 2o 8130E-03
lo4224F-03 2, 5o3o_-03

1 o 3750F-03 2o 4505F-03

1 o 2477F-0 3 20 4065F-03

Io 1310F-03 Io 3546F-03
9_6819E-F, 4 Io3__77_-04

9o 0632F-04 7o 4_,5q_-04

9o 476 5E-04 1o 07 30F-C3

90 5805F-04 ] o 08 7nr--o_

q_ 3442F-04 Io C _32E-03

-9. 486 1 E-O 3 - o° 88 C 2 E-03

-8o 8952E-03 -8° 8448E-03

-8o 69O2F-03 -e. 6092F-03

•-1o 448 8F-03 -lo 5895F-03

- 1o 44q 3F-O 3 - I o 44 q4F-03

3o _017E-04 30 7207E-C4

8o 0346F-04 qo 34906-04

60 9435F-04 6. 886 IF-04

6o 9323F-04 6o 6530F-04

903730F-04 9o 6972E-04

90 3(,78F-04 9e 57_5F-04

°.o 3605E-04 go 61 C6E-O4

80 8522{=-04, 1o 6,887_-03

80 165 IE-04 1o 022qE-n3

7_ OOTSE-04 Oo 1407_ F-04

50 5564F-04 7° q35 lE-04
40 6135E-04 6o 5022E-C4

20 6026[-04 2° 9721 F- 04

2° 666 6E-O 4 I° 81 35F-04

2o 7741 F-04 3o 50 74E-O&

20 7027F-04 3o C947E-04

207050E-04 2,, 0767E-04

lc 8__70E-04 8o3187E-05

80 81_9E-05 -I.4053E-05

8, 5284F-06 -q. 5402F-05

-5, 03A3E-OS -1_ 5654F.-CA

-10 1186F-04 -2020 18E-£,'4

-1o 387qF-04 -2o 6464F-04

-to 9192E-04 -_0 3500E-04

-2° 6968E-04 -4., 1386E-04

-30 I070F-04 -4e 5574F-C4

-30 1372F_-04 -4°5021E-04
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TABLE 4-27. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

(CONTINUED)

Mode 3

Generalized Mass = 6.7529

Frequency = 6. 2185 cps

Node Station

No. No.

_? 7920 9

33 731_o

"4/, 7A 1. f)-

"_5 7O0o I

36 qIÜo2

37 _48o3

3_ 877o5

3 ° q_6o6

L,'_ q37o z_

4l Q62o6

42 9Q2o 5

'*3 Ie2%0

44 IC57o0

45 10OPoO

46 1122o 5

47 I I'_'*oC

4_ 1160_ 5

49 "I1"7_, 7

5O I Ig_.C

51 121000

52 1210oO
5_3 1240o n

54 11_0oC
55 117600

56 1206°0

57 121200

5R 1242oC

5Q 1267o O

60 11600 O

6l 1176o0
_ 12060 _,

63 1212o0

64 121200

6S 12_2o0

*-1.3526E-02 = -i.

lb-sec2/in.

Deflection

-Io35?6E-02"

-1o 0878F-C'_

l_04R3F-n2

2o 0443E-C Z

?o _nr 5_-n2
30 26[_7F-62

3,_ 44cZ_-92

3,, _,So8 E-C 2

3_ 0868F-02

2_. 7_ 75E-02

2° 2718F-02

1o 6343_-02

O, 15SlE-03
O_ 1710F-64

-7_ 7645 E-C3
-I_ 0577E-02

-lo 7A 39 F-('2
-261'_ 17E-02

-2o 7476E-02

-3°0800[:-02

-3_ nSOOE-C2

-7o ?086E-02

-lo 73&4F-02

-2o l 5"46F-02
-2o q386F-02

-3o lnO_F-02
-30 _766E-02

-4o 50SZ_E-C 2

-8o 38_5F-C _,

-1o o64_E-02

-4,, n7 &o F-C 2

-4o 5020F-02

-4. _O?OE-02

-8° 94_. 4E-02

3526 X 10-2

**Includes bending and shear slope

Bending

Slope

rad./in.

-3o_1 IF-04

-20 q023F-04

-?o45qgE-04

- Io 977qF-04

-lo4aglE-04

-80 16qOF-C5

-_o z÷ORTE-O5

2o 6346F-05

7o 3242E-05

Io OSn2F-r)4

l,gq38F-04

1,7131F-04

1.9799F-04

20 1899E--0. &

2, 3425E-04

2°3766E-04

2o4030F-04

2o4223E-04

?o4360£-04

2o &485E-04

1_3758F-03

i° 3760_-0_

2° &182E-04

2o 4362_-04

2o451 7E-04

2_ z*_36F-04

2o4501E-04

9_o46o I_-04

7o0583E-04

7_ 05o7F-06

7o 06°_F-04

7o0726F-04

107470F-03

1o26£1F-0_

-40

--'_o

--2o

-lo

Ao

lo

20

2o

2o

2°

2°

2°

2o

20

2°

Io

1o

2°

2o

2°

2_

2°

20

7°

7°

7°

7o

to

Total**

Slope

radJin.

41nI_-O4

t 337_-04

71 q4F-n4

O3RI_-O_

lr,77F-O4

into_-n_
5747F-05

0340F-C-5

1414_-n_

4527E-Oa

7o431=-0 z,

1 1 30E-04

3qlSE-04

504?E-O_

7.:24F-04

5642F-04

5454F-04

61 76E- 04

70qTE-04

77..60F-04

_761E-n3

$762_-03

57 ]n_-O&

6 1 q6r- 04

6_ C,@F-04

6251E-04

5533E-n4
51 94E-04

0_a¢-04

0381=-04

0650E-_4

OqSC'F-04

2482r-03

2493F-o_
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TABLE 4-28. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

Mode 4

Generalized Mass = 14.436

Frequency = 7.6013 cps

Node Station

No. No.

l -_nCo 5

-270o5

3 -?a0o5

A -!qCo5

7 -82oC

Q --lot"

76 2n,,C

iO 6,mo0

11 llRo m

15 168om

7_ -156.0

7l -R2oC'

v2 -116o0

73 -4_00

74 -34o0

75 -17o0

70 14o_

77 P6oO

78 _2,,0
12 12200

t_ 14!o0

14 14Qon

I_ lqOoO

l 7 2?000

18 2A4.o

lq 294o_

2_ 324o 0

21 361.C

69 "_37o 0

66 _'97_ 0

67 402o5

68 426a7

2? 387°0

23 419o0
24 44qo, n

25 4740 n

26 5n4. C

77 _ I q,,0

2,_ 543_ ?

_0 50107

30 644,, 6

31 _73, 7

lb-see2/in.

Deflection

2o _324F-C i

2.,424qF-C 1

10q675g-( 1

Ic?q_OF-Cl

Io ,]634 F-,?,I

8073'_7 E-C 2

40 67 _4F-C, 2

20 or. I7F-02

6o45_7_-C3

I_ _543F-C3

-_o 34SqF-_ 3

-Io A_76E-02

-2,, 3517_-O2

-30 5302E-02

10 4354E-C2

-40 4615E-03

2o OC05E-_2

I= o440F-02

Io 2472E-02

2° 63_5F-03

1o 7200E-C4

-7o 01.5,_E-n'4

-I_ q623F.-(] 2

-2° 1261F-02

-?o 192_F-C'2

-2° _?,_ 2F.-02

-2.7A 5C'E-,'_2

-2= 7573E-_2

-2o 6CAOr--C2

-2° _256F-92

-Io F_OnSE-02

-Po 2315E-02

-lo 4745 F-02

-1o 354OE-Q2

-8o cqROE-03

-Io 2324E-02

-40 7400E-03

Po 6702E-03

8o q270_-C3

lo 637CE-02

20 0008E-02

2o _,C 03 F-02
3_ _,R 36E-02

4o 5314E-C'2

4° BO68E-C 2

4-_3

Bending Total**

Slope Slope

rad./in, rad./in.

50 37981::-04 Io A 170F-0_

5, 2!310F-C 4 1_ _00=-03

4° 7040F-04 1,3834F- 03

403l RO_-O4 0o A43_F-04

40 I004E-04 Ro A437F-O4

3oO089F-0_ 7_g_56__-C'4

3o4057F-04 7o 8gOOE-04

20 055_F-04 5o 42R6E-¢4

2o 261 IF-04 2o 561 l_--r"4

Io 047 IF-OR, 2o 12 7qF-64

lo6668E-04 1o R7_F-O_+

le 3207E-Q4 lo 5260F-04

90 2047E:-05 lo 0155E-04

--60 5:i10[--04 --6, 8020F-0_

-6_ 0406E-0 4 -6:0045F-04

-5.86o4F-@4 -50 9604¢-C4

4o C' 3,q 5F-O _ 7,, 15,_2F-05

4_ 0326F-05 4o0322_-05

lo 6757E-04 3o C24C_E-C4

I o q43 _E-04 2_ 71 30E-04

1o clq25_-C_4 Ic OO 34F-C4

Io q93 iF-n4 20 On, 7OF- C4

oo 1273F-05 _ 2o06_-05

go 1407F-05 805R34F-05

9, 15O0E-05 P_49ROE-05

5o 4S321 =-O 5 6o 7316E-05

1o 6896E-05 2. 3403F-05

-2_7819F-05 -2°775514-05

-6,, 6 t 80F-05 -7. 2049F-05

-1.0394E-t_4 -l. 148C, E-04
- I. 4.QO6E-04 - 1o _978F-04

-I,, 408F_E-04 - lo _C 12E-Oa

-io 476 IF-04 - I. 3452F-C4

- Io 4738e-04 - I. 4313E-04
-Io 4734F-04 - I. 4532E-04

- Io 6504F-04 - 2. 2950F-0_

-I_ 7857F-04 -?. 4325E-04

-I, 84c* 6E-04 - 2,, 4_ 66F-04

-Io _64F-04 -2, 50 12E-04

-I,, _088E-04 - 2.44o7r.-04

-Io 7624F_-04 -2,, 4912E-O.4

-I,,6136E-04 -2,, 4298F-04

-1o 1528F-04 - i. 96 I6F-O_

-4,,0570=-05 - 1_ 2045F-04

1 o 1385F-0 5 -6o 7590E-05



TABLE 4-28. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

(CONTINUED)

Mode 4

Generalized Mass = 14.436

Frequency = 7.6013 cps

Node Station

No. No.

52 7r?o q

33 731_9

_4 76 Io C

_ 7°0c 1

36 SlOoP

_7 84S0_

30 0C6o6

4") q37o 4

41 a62o6

42 qq2o R

4_ I'?._5oC

44 I057o0

45 10oO. C'

46 1122o5

z,7 113300

4q 116c'o 5

4q 1175_7

5,0 I198oC

Sl 12!CoC

52 1210o0

_'4 1240oC

54 I ]f_no O

5S I 176_ 0

56 12?AoC

57 12!?o0

5q 124200

5q 1267o0

6 n 1160. O

_I I176oC

62 1206oC

&_ IPI2oC

64 ]Pl2oC

65 1242on

Ib-sec2/in.

Deflection

4o nl POE-( 2*

4o 7q_ 3 E-,O2

4_ 25 q 61=-r'2

3o 3rq4E-¢2

Po 0265 E-.02

50 °600F-C3

-% 40 _7F-Cq

-20 1729F-02

-3o 4237E-_2

-4_ _34qE-_2

-5_ 27 70E-02

-6o Ir q,qE-02

-6o 6800 E-02

-6ogr_7F-C2

-6o 6']q9 F-C' 2

-6° 41_7E-02

-6c 2"A I E-02

-6_ I 161E-C'2

-6o C'q54=-02

-6_,1625E-02

-A® 1627E-02

-2,, 82.90F-n 1

-5o 6706=-02

-40 qP 15F-_]2

-3o 2 _) 7E-,.]2

-3o OQCSE-02

-2o 3216F-02

-Io 6739E-C2

-20 749qE-o l

-]_0473F-01

201_oF-O1

20 7936E-01

2o 7936 E-,%I

toC'OOOE rO

• 4.9129E-02 = 4.9129 X 10 -2

**Includes bending and shear slope

Bending Total**

Slope Slope

rad./in, rad./in.

6o c_437F-05 I_4C56E-OA

1, 3025F-04 Io 1 _ 18C-'_4

Io 91 B %F-04 2o 5A34[-F,4

2_4509F-C4 "_o8_%50F-£'4

2084q0E-04 4o7045E-04

3o C 3_8_-C4 4o 954C _-04

3o G3_IF-04 4_ 775qE-04

20 87831=-04 4, 3352F-C;4

Zo 57qQF-04 __ 8206E-04

P_P445E-Q4 30_057F-n4

Io 7605c-04 2o 8q 15E-04

1o I'341F-04 ?o 101 l_-n,4

"_ 2'367F-05 lo 2367F-A4

-SoPRg6E-05 -]_ 1603_-05

-Io 3966E-O 4 - ]o 52 53_-04

-1o 6392E-04 - le 7964F-C4

-I_, 4380_-04 -6,, 7_64P-05

-Io 3_43E-04 . -4o 1152F-05

-Io "_9'.1,0 E-O, 4 6o 37_+8 E- 05

-Io 2196E-04 =,o 9830¢'-05

7o 34_SF-D'_ 703452 c-03

7= 3445F-03 703462E-(. 3

-2° 106 1F-04 -4. 145a=-,74

-2o4471F-04 -5o B494E-04

-2= 62_ 8¢-r)4 -3_ 7952E-04

-2,: 6275_-04 -204692¢-('4

--9° f_2_ 8E-04 -P_ 5_ q7__-04

-2o 6Z35C--04 --2_ 59)4C--r'4

-I o 0603c-0 P - I_ 064nF-02

-1 _06q6_-02 - I_ OA44_-OP

-10 072 OF-n ? - to 077_F-C2

-10 C 727E-O? - io 0740=-02

-2o 3984E-n2_ - 2o 4r"O(_E-r'2

-2o 4013E-02 -2_ 4035 c-OP
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TABLE 4-29. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

Mode 5

Generalized Mass = 5. 5682

Frequency = 8.0349 cps

lb-sec2/in.

Node Station

No. No. Deflection

1 -3r00 5 !o _,_,_ 6F-C'. 1
9 -270,o 5 1 : _7R_F-£ I

"_ -23no5 Io I,_4 BE-(" I

4 -18005 7o q6-_6E-¢ 2

5 -] 56o O. 6o 330 IF-C 2

6 -133o0 5on556F-02

7 -82o 0 2o 3444F-02

F_ -4 ._o C 5o _OC, F:-O 3

o -loO -_c 2807F-03

76 2Co n -6o 5_6_F-r 3

IG 6800 -In ! 2q5 F-(" 2

11 11800 -I:SQ'_4E-G2

15 168.0 -Io 7435E-02

73 -156.0 -Io 3"_35 E-02

71 -8200 40 746 gE-03

72 -116o0 -IoR225E-03

7"_ -48o'0 5o q42FIE-O 3

74 -34.= 0 ° _0 0"766 E-O 3

75 -I 700 "3.o 4076E-04

79 14o0 -50 q3_6E-03

77 26.0 -7o 2] l OE-03

78 62o0 -l. 15n2_-02

12 172o_ -Io 6461E-02

I_ 14100 -Io 6q71E-02
14 14000 -Io 7n44E-C 2

I_ lO°o 0 -io 7906E-C,2

17 22qoc -lo 7510F-C2

18 2640 n -Io 6054E--07

10 20400 -1o "_9q7 E-C 2

_q 324o0 -I_ 1253E-02

21 3_Io0 -7o 0'_'_0 E-C3
6q 3370 O -Oo 8524F-03

66 387on -40 53_6E-(!3
67 402.5 -20 q_85F-03

68 426e 7 -4o 7052E-04

22 3870 O -3° "_35qE-03

23 41q,, 0 lo 4153E-03
74 44q,0 c;,_g3_lF-03

25 474o 0 q© 677qF.-03

26 504= r, l,, 4035 E-C2

27 51go£ I_= AI?OF--+12

28 543° 2 10 9561 E-C2
2q 5ql07 2o 53_7E-02

30 64z, o 6 2_ 0_+77F-02

"_1 67307 3o 0550E-92

Bending

Slope

rad./in.

3o _12_F-04
:_., "_o I 7c-C4

3_09_8_-34

2o 7453F-04

2_5q81C-04

2o4471F-04

2° _942F-04

1.7617_-04

1o2610r-04

Io_320E-04

8 o c: ':i'_ 2 F_-" _

5o5124E-05

2,7O95E-05

-20 3SATE-04

-2° 14SOF-O4

-2o 0736E'-04

5o4743E-C5

=o-4725E-0 5

9o 004 Rl_-O S

Io0328E-04

I_ 1841F-04

lo 1852E-04

2o72_ 6E-O =;

2o73O2F-C5

2_7572F-0_

4o 2_- 72F-06

-Io 84?8F-05

-4o _753E-05

-60 411 _F-C5

-8:2934F-05

-10 032 3E-04

-Io 0_68F-04

-lo02RTE-n4

-I. 02R¢+E-04

-I° 02R4E-04

-lo 0956_-04

-1_ 13_2E-04
-I. 1428_-94

-1= 12,")4E-0 4

-io 0625E-0_

-le0209E-04

-0_, 02 78F-05

-5,7671F-05

-8,,6961F-06

2041 _93F-05

Total**

Slope

rad./in.

Io 1464_-n3

o_, 7 r. R7E-m4

60 59"_5F-04

5e R4"_OP-04

50 3226r-04

so ? 2 (-,_ E-n,4

3o 5gq7E-_4

I_A77"_F-e4

lol_6tF-n_

7o7406F-C5

-2.5011E-n4

-2o 17 93F-G4
-- 2o r_736F-.n4

8o 1 _4"_- 05

_:4724E-n5

lo 06q4_- 04

lo_mSSF-04

I _ 1 _ 70_-n4

Io2121F-04

1o q424_'-05

2o221_E-n5

2o Cqnlr--n5

7,, 5S 18c_-07

-2o 64_IE-05
-_o 6204E-05

-£oC28_¢-05

-100186E-04

-1° 1889F-04

-1o 1960_-04

-qo 90 O()E-05

- 1. C 204E-04

- 1o 02 72E-n4

-!04507F-C4
- lo 5026E-04

=1o 50_1_-04

-Io 4_06F-04

-Io4184_-04

-10423QE-_4

- Io 3S?_4_-0_

- Io 0794F-04

-So 231R_-OS

-Io R7 qSF- 0.'5.
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TABLE 4-29. LATERAL MODAL DATA SLV-3C KICK STAGE MATH MODEL 33

(CONTINUED)

Mode 5

Generalized Mass = 5. 5682

Frequency = 8. 0349 cps

Node Station

No. No.

_ 7_Ioq

34 761o0

a_ 79P_ l

36 _1oo2

B7 _48o3

3_ 877o __

4 +_ °3 7= 4

4! O62o_

4P 0o2_ 5

4_ lCPSon

44 IC57oC

4q lCqO_C ,

4_ 1122+ 5

47 I133oC

4_ I160_

40 ! 17%, 7

5_ IIOR_C

51 1210,_C

_-2 121Co0

5_ 1240°0

5 _" 1160° 0

._ 1!76oC

56 1206o0

57 1212o6
5e 12z,?,, n

_q 1267oC

_o 1160o C

61 117600
4_ 12(',6o0

63 1212,0

_4 1212o0

65 1242o [;

Ib-sec2/in.

Deflection

_ 0_34F-(2"

2o.014_F-C 2

20 5'342 F-O?

to R233E-C2

qo 5068F-C 3

?c, 2793F-04
-8c £641 _-C'3

-1+ 6<')7CF-r 2

-?_ 43"42E-C2

-2., o_.o3 E-C2

-3o 49 ? 7 F-.'-'2

-30 q4c_6 F- 02

-4_ 244QF-92

-4o 3160E-_2

-4oC610E-C.P_

-_o 02r,2E-02

-3° 301SF-C2
-2o 7°Rq F'-C 2

-1_ 4_4E-C2

-3_ 3950F-C3
-3_ 3o R6 F-_,3

1o ']CF_C E '.)0

-3c_4F4E-C2

-3_ 4_47E-02

-_o o,q_,2F-C2

-3o 0476E-C2

-Pc 7 _ 4_ E-(,_..

-20 5OR6E-C2

-5o20q5E-02

-30 Q2_QE-02

-Io _293F-.n2

-I_ 04_ 6F-C,2
-Io C456F-02

4o 2345F-02

Bending

Slope

rad./in.

6o024_[-C5

q_ 74£4r-n

I o 340 4r-04

Io 654 IF-C_4

lo a6l 3r-C.4

lo q38 3_:-04

lo_O38F-04

1o7541F-34

1 o 532_F-04

lo 3002F-04

qo O472F-05

50 _136F-05

1 _C.414F-05

-4_ I'_QAF-O 5

-q+ 21OFF-05

- i: 0605E-0.4

-I= 66_2E-n4

'-Io _718F-04

-20 2225F-04

-2o 57_4F-04

-3o 363.7E-02

-3o3441E-02

-1o 075"_E-04

-1o0835E-04

-Io C.871E-04

-Io C 795 _F-O4

-Io0786E-04

-£o(_ 309C-04

-8o0481F-04

-8o OS_JIE-04

-1o7601E-03

Total**

Slope

rad./in.

2o4243E-_=

o° 6607=--0=,

1o ££P6F-04

2067 oqr-04

2o 1314F-n4

3_ lR77F-04

2o_.42¢-04

2o 59_?r-04

2o2Brgr-C:4

loO432F-P4

lo 6151F-64

Io1730F-04

._e742QF-05

-2e £529E-n _,

-1o 1575F-C4

- 1_ 4047_-n4

-20 7374_-04

-4047 14F_-C%

-8o 0446F-C4

-0o ._271F-04

--_o _444¢--02

--3o 3448F-n2

-I, ].C90_-04

-Io2C04F-C4

-005132E-75

-8o7731E-05

-qo 82.q2E-OS

-lo0235F-0_

-7o 9910F-D¢

-7o qqBqF-04

-e_ 0_51E-04

-8o0S3_E-04

- 1 o 758qF-0_

-1,7611F-03

*3.0534E-02 = 3. 0534 x 10-2

**Includes bending and shear slope
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TABLE 4-30. LONGITUDINAL MODEL DATA SLV-3C KICK STAGE

MATH MODEL 34

Mode

Gen. Mass

lbo sec.2/in.

Natural

Frequency

cps

Node

1

2

3

4

5

6

7

8

9

I0

11

12

13

7.9021

13.693

Deflection

in./in.

-6.3724-01

-3.3920-01

-1.1942-01

-1.2353-01

4.5119-01

1.0000-00

2

19. 957

16.399

Deflection

in./in.

-9. 5439-01

-3. 1411-01

1. 4511-01

1. 5239-01

-2. 8872-01

-8. 3173-01

10. 159

32. 929

Deflection

in./in.

-2. 6070-01

4. 4447-01

8. 0755-01

I. 0000-00

-2. 5470-02

-9. 0501-01

10. 564

55. 379

Deflection

in./in.

6. 4774-02

-4. 3077-01

-4.4213-01

-9. 7023-01

3. 0015-03

-3. 5366-02

-7. 4273-02

"1. 0673-01

-I. 1943-01

-1. 2483-01

-1.2759-01

-1. 6764-01

-1. 6776-01

2. 2456-01

4. 8341-01

5. 8837-01

6. 3299-01

6. 5659-01

9. 9896-01

6. 9832-01

5. 0112-01

3. 4191-01

2. 7423-01

2. 1956-01

-5. 7352-01

1. 0000-00 -5. 7593-01

2. 3163-02

9;0094-01

9.7045-01

1. 0000-00

9. 1527-01

-3. 1366-01

-3. 1742-01

1. 5628

78. 030

Deflection

in./in.

5. 5765-03

-7. 9122-02

-1. 7552-02

2. 1769-01

-1. 2024-01

1. 0000-00

-2. 0098-01

5. 2973-02

1. 3190-01

1. 6545-01

1. 5332-01

-2. 2547-02

-2. 3089-02
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TABLE 4-31. LATERAL MODAL DATA CENTAUR KICK STAGE MATH MODEL 35

Mode 1

Generalized Mass = 14. 570

Frequency = 7. 8870 cps

Node Station

No. No.

T_ -1.5A.0

7_ -I] 60C

"& -_&.oO

7_ -I 7,0

"YQ ) 4eO

7t, FC,9

"7 26.0

7q 62.0

,n 6_o0

) 1 11_°0

I q 1 (', m° C

I'_ !e+l.q

a IaO,O

' 6 1°°°t ')

] 7 P?O°O

IR 26_0n

19 2o400

20 324,0

?I 763o0

_0 337o0

'_ "_8700

1.7 _OP,5

A_ &76°7

lb-sec2/in.

Deflection

I.O00CE 00,

-2,524gE-01

I°0092E-01

-30 09q7E-Ol

-3, 20_2E-01

-4,07ROE-OI

-4., _169E-01

-40 7qe+ 5E-O[

-4°T75qE-Ol

-4,774qE-01

-4. ?_37E-01

-3, _.407E-0!

-2,4581E-0!

-3,_122E-01

-3, 0167E-01

-2, 851.4E- Ol

-J ° 7086E-OI

-9° 1297E-02

8. 8053E-03
9.q58gE-O2

1. 9383E-01,

3. 1271E-01
2,4P. Q4E-OI

3. _5_-2E-0].
_.45_3E-01

5.182t, F-Ol

*1. O000E-O0 = 1. 0000 × 10 -0

**Includes bending and shear slope

Bending

Slope

rad./in.

I, 6407E-02

1.4851E-02

q. 3707E-03

7. 7449E-0 _,

707551E-0_

-2, 6225E-0%

-7° 480RE-04

-7, ggl7E-04

-3.256QE-05

-2. 8348E-05

-I. 21 62E-03

-I,6082E-03

-l, 95t+OE-03

- I° Q675E-03

-I, 964¢)E-03

- I. 9614E-OB

-2, 2063E-03

-2, #155E-03

-2,6158E-03

-2, 7_.9q E-03

-2.8#94E- 03

-?.q259E-O3

-2, 9__54E-03

-2,9582E-03

-2. 9708E-OB

-2, g731E-03

o

I,

8,

2.,

7.

2.

8,

-7,

-I.

7.

-Io

-lo

-2°

-2°

-2°

"--20

--2°

--2e

--_o

--3.

--2°

-3°

--3°

Total**

Slope

rad./in.

7444E-02

_gI5E-02

3707E-03

0384E-OB

7558E-04

5198E-03

qBO5E-C,#

0827E-04

224qE-05

95BSE-05
]800E-03

7833E-03

1611E-03

1241E-03

062IE-03

0705E-03

5427E-03

7549E-03

9562E-03

0894E-03

1794E-03

I O0_.E-OB

9092F-OB

18agE-03

1 700E-03

Og83E-O3
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TABLE 4-32. LATERAL MODAL DATA CENTAUR KICK STAGE MATH MODEL 35

Mode 2

GeneralizedMass = 4.5811

Frequency = 22.175 cps

Node Station

No. No.

lb-sec2/in.

Deflection

"0 -156.0 -I. 1 336E-01,

71 -92.0 I.O000E O0

72 -] ] 6.0 6.7_RC_-OI

73 -4_. C_ 7.748CE-01

"_4 -34.C 7.53] 3E-3!

v5 -I 7.0 3. 4068F-01

vq ].4.0 -q. _7':)IE-02

v6 ? C...'# -I.I 576E-01

77 26.0 -I .34_5E-01

7R 62°0 -?° gS87E-OI

I0 5_.0 -2.0461E-01

I 1 118.0 -2. 701 OE-OI

! 5 !69.0 -3,0252E-01

!2 122.0 -3. 446 IE-OI

I _ ]4],0 --3. ?63BE-Of

I4 !Ao.O -3° I 9E2 E-OI

5 lgd.g . -2.8222E-01

I 7 72_.0 -2, _.79._E-01

18 264°0 -I. q226E-Ol

v q _94.0 -I, 3371E-01

?0 324.0 -5,71_.RE-02

?I 961,0 2°41q2F-02

_ 33700 -?o 157qF.-02

6& "_87.D F_.R92 IE-02
I-7 _02,5 I, 3035E-01

6_ _26.7 I, 812 7E-01

})ending Total**

Slope Slope

rad./in, rad./in.

-I. 4=; 80E-02 -I. 5 5 IOE-02

-I .31QTE-02 -1.3771E-02

-5. 2453E-OB -_. 245qE-03

I, 5420E-03 5,70 08F.-O 3

I°St+30E-03 ],_417E-03

I. 9"_9_F-03 ] .41 IQE-02

I. 7393 E-O._ _°674BE-03

1° 7003E-03 2. 413RE-03

4, 3257E-03 4.3890E-03

4.34.69E-03 4, R754E-03

i. 2519F-0_ 1.6057F-03

6° 0367F-0% Q° 9230E-04

5,66 07E-05 -3,, OB77E-04

-5° 1594E-05 -I°3022E-03

-3. ! 5336-05 -B.I 344F-04

- 3, 4342 F- 06 -8,0 31 3 E-04

-4. 1377E-04 : -g, I IOOE-04

-.8, I746 E-04 -] ,362] E-03

-I, 2180E-OB -I,7958E-03

-I. 4q75E-O3 -2,OQ51E-03

-I, 7161E-03 -2,3463F_-03

-I. 896qE-03 -2.2834E-03

-]. 8972E-03 -I .90R6E-O 3

- I. 9782 E-03 -2.5 31QE-O 3

-2.01 18E-03 -2,5 i_. 6E-03

-2. Ol 80E-03 -2° 3643E-03

*-i. 13336E-01 = i. 13336 x i0-1

**Includes beading and shear slope
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TABLE 4-33. LATERAL MODAL DATA CENTAUR KICK STAGE MATH MODEL 35

Mode 3

Generalized Mass = 5. 6746

Frequency = 33.298 cps

lb-sec2/in.

Node Station

No. No. Deflection

7a -1_6,0 2, an] _'E-03*

vl -q 70'_ ? ° _463E-0]

7? -I ? 6 ._ _. _I ].6F-O?

73 - _-_ • _q ] o 9"_67E-C ]

74 -'_4o 9 "_. ?01 9E-01

"= -] 709 -;_. 4537E-02

7 o ! 6.0 -2. 3026E-01

v6 ?r). 9 -2. I 86£,F-01

77 or., 0 -?. _494r- 0l

7q 62°0 -6. q 9¢:37F-O!

, n 6e_O I° 3361 E-n1

t I lO.O &.qqlOE-O]

15 !6_.0 v.6_PaE-O1
12 12P.O I.OOCCE O0

" '_ 141 .C 8.q543E-OI

!4 1690_ 8057_P6E-OI

I6 ,! 0o.0 7° 6166E-01

17 22q.P 7.14EcE-OI

lq 26z_.0 AoORqCE-O!

!o 994.0 _._23BF-OI

_o _ ?,'.. 0 3. 2703E-01

6 ° _7,0 2. 6868E-Ol
_ 3aT.r, -q. OqnlE-02

_7 tOP. = -2. i IA_E- 0!

r,o &_6.v -3. _,703E-01

-2.

-2e

-20

-2°

-20

50

6.

-_0

-io

-70

!.

i.

2.

4.

6.

4.

5.

5.

Bending

Slope

rad./in.

7531E-03

8319E-03

Ig31E-03

5278E-03

540qE-03

8666g-03

2607E-03

31=0F-03

7_85E-0_

8791E-03

5565E-03

8281E-03

1423E-03

3840E-04
5066E-O6

5310E-06

0_87E-06

2g_gE-o_
4603E-03

3266E-03

0707E-03

7_.22E-03

7497E-03

064aE-03

2051E-03
2_22E-03

Total**

Slope

rad./in.

-2. 7006E-03

-__°0798F-03

-2. ! 431E-03

8,7868E-06

-2,541 7E-03

6.RI53F-O3

2°2468E-03

-4.04RSE-O3

7° 0 3 96F_-03

8._.q23E-C3

-7.3461E-03

-_-. _562E-03
-2.5008E-06

7.74_9E-03

_'.513OF-03

4.o681E-03

8.3302E-04

2;267qE-03

3,6R36F-03

4.7198E-93

5.7969E-03

6.0683E-03

_+°9974E-03

7.1602E-03

7.2222E-03

6.7270E-03

*2. 8414E-03 = 2. 8414 x 10 -3

**Includes bending and shear slope
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TABLE 4-34. LATERAL MODAL DATA CENTAUR KICK STAGE MATH MODEL 35

Mode 4

Generalized Mass = 1. 1151

Frequency = 49. 133 cps

lb-sec2/in.

Node Station

No. No. Deflection

"tO -I 56. C I, Q RTBE-O_*

_i -Q2.n 1.277°E-02

7_ -I ! 6,C -I. 00_7E-02

73 -48,0 3,,g394F-02

='4 - "_Z..o0 5. 694 2E-O 2

7,=; -!-r.n -6.21%5E-02

to 14.0 -I. 581 OE-OI

76 20,0 -1,525 IE-OI

77 76°0 -6°63q6E-02

78 (_2._ I,0000_ 90

t 0 _,8,n -8.163 IE-02

I I 1!.8,3 -I..,54R 2.E-02

! '_ 1.68,0 3, TBQ3E-02
1 2. 122,0 6, c)675E-O_

! 3 !41,0 2,0386E-02

! _ 14q, O 2,582 ?E-02

16 10o.0 . 5,718BF-02

I 7 Y2c_,O 6°7189E-02
] R 264,,0 6, R362E-02

1 o 2o4,n 6, 1595E-02

,_n 324.3 4. RITgE-O?

_,I 36] °0 I° q213E-02

6q 337.0 3. 1533E-0__

56 3_7.0 -.5° 5655E-03
_.7 z_C)2,5 -204525F-02

f)Q 47_'. 7 -4. 0415E-O?

*1. 9873E-03 = 1. 9873 X 10 -3

**Includes bending and shear slope

Total** Total**

Slope Slope

rad./in, rad./in.

- 1,85 B5E-O4 -] • 3585 E-OC+

-3, 0580E-04 -3,362 4E-04.

-6. 5241E-04 -6,6241F. -04

-I ° 24.83E-03 _, 1 997E-04

-I, 2553E-03 -1,2558E-03

-1,38_2E-03 3° 1 791E-03

-l, 5_, 87E-03 1.0303E-03

-1.5_37E-03 -l°37qSE-03

-_, 71 _i E-02 -2,7614E-02

-2,7532E-02 -3,6300E-02

-I, 35 64F-03 -I, 4044F-03

- 1,, 0966E-03 -I • I c_gBE-03

-8, 0950 E-04. -7,7184E-04

- 7, 9535E-0_* -6,7223E-D_.

-7, 9834E-04 -7, O1 91E-04

-8° 91 37E-04 -6,54IIE-04

- 5, 6251E-04 -4,7441E-04

-3° 325qE-04 o-I. 8982E-04

-8. 3045E-05 I,0830E-04

].,Og 87 E-04, 3, teO30E-04

2° 792_IE-04. 60 1343E-04

4. 4005E-04 7.4255E-04

4, 4254E-04 5,2401E-04

5. 792] E-04 1,0324E-33

5,5576E-04 1.0663E,03

5,6262E-04. 0,_, 163E-0_
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TABLE 4-35. LATERAL MODAL DATA CENTAUR KICK STAGE MATH MODEL 35

Mode 5

Generalized Mass = 1. 6287

Frequency = 53.019 cps

lb-sec2/in.

Node Station

No. No. Deflection

-'_q -l_6,0 -6° 7664F-03"

_1 -_,_'.D to O000E nO

"*_ -11 6.0 _°_691E-O]
_? -aR,C -2, o6O_E-01

•-zt.,. -_". 0 -'_,, ':; .1.64E-01

7_ -! 7°_ -t, 69_4E-01

70 14.0 #. ]_644F. -03

"r7 P__0 0 ¢ • 1296F-n_

78 62.9 6, o_.CQE-02

tr) _,q°O -7._IQ6E-O._

I 1. t t,_o ? -6. 351_E-0._

t 5 ISR,C 5. ?326E-n3
1 2 I ?";'o 0 6. lOl 6E-O__

]3 14.1o0 _,577QE-02

14 140o ,'" 9o_51OE ,'1_

1. 6 1 _o,n -7, 6290E-04

17 27o.n -4,402 2E-03

•v q _4z_,C -5.'-4_ 3E-03

'f o. ,,_Q_,O -6, 3465E-03

•";,n _4.3 -". F_5'=:2 Eln3

_I _61, _ -go Sl_SF-O&

_0 _7on -t .'x_g3E-n3

_6 _7.n Zo_QOqE-C3

A 7 40 P° _ 4o 547oE-03

6_. z, 26o 7 5.75_0E -n_

*-6. 7664E-03 = -6. 7664 x 10 -3

**Includes bending and shear slope

Bending Total**

Slope Slope

rad./in, rad,/in.

-I .-__a_E-02 -1.__ 763E-02

- 1. 207IE-02 -1 • 6086E-02

i, _62E-03 I, 5462E-03

3.86,3 °E-03 3.5750E-03

3,01 06F-O_ 3.9230E-03

!, 60_,3F-03 -5.1 893E-03

q, 2242E-04 -2.0484F-03

8, 5796E-06 3,7870E-06

-I. 5RI7E-03 -1°6296E-03

-l, 6100E-O_ -2,3160E-03

5.55':)3E-04 5. 3523E-95
3, 6 _;06F-04 -I. _aO0_-04

3. 0405E-04 3.5830E-04

4. 0914E-0_ to 5749E-03

_o 88 _4.E-04. I, l 452E-03

"3, 6084F-0_+ I , 1530E-O 3

2° _ DTOE-04 I •5 700E-O#

I. 5736E-0# 9o O960E-05

I, 033_ E-O# 2o2 552E-05

5, 7359E-05 -2. 7917E-05

2.90 _;4E-05 -7o7416E-05

-1o 204RE-05 -T.8366E-05

-1o 21 7! F-05 -1.626_E-05

-2o 6O92F-05 -1 • 2q 58E-04

-3,3_ORF-05 -I,2895E-04

-_. _,?3_E-05 -g,7 191E-05
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TABLE 4-36. LONGITUDINAL MODAL DATA KICK STAGE

MATH MODEL 42

Mode

Gem Mass

lb. sec.2/in.

Natural

F requen cy

cps

Node

1

2

3

4

5

6

7

11. 281

14.370

4.2383

30.179

1. 5491

60. 060

4

1.2744

82.537

0.87 584

132.40

Deflection

in./in.

-9.3341-01

-4.5260-01

-1.0031-01

-1.0413-01

4.5236-01

1.0000-00

2.3559-02

Deflection

in./in.

2.5642-01

-3.2614-01

-6. 5118-01

-7.7673-01

5.5358-02

1.0000-00

-5.2912-01

Deflection

in./in.

-1. 4397-02

1. 1515-01

1. 0075-01

2. 8002-01

-1. 2806-01

1. 0000-00

-3. 0253-02

Deflection

in./in.

-6. 2526-02

1. 0000-00

3. 6816-02

-1. 7610-01

-5. 0934-03

2. 9720-02

3. 4084-02

i

Deflection

in./in.

2. 3853-03

-1. 0192-01

2. 7004-01

-1. 2791-01

-2. 6169-02

1. 0132-01

1. 0000-00
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TABLE 4-37. LONGITUDINAL MODAL DATA KICK STAGE

MATH MODEL 45

Mode 1 2 3 4 5

Gen. Mass

lb.sec. 2/in. 5, 1867 2. 5965 2. 8343 1. 6813 0. 94735

88. 044 139.65
Natural

Frequency

cps

Node

16. 830 35. 747 73. 172

Deflection

in./in.

-5. 5818-01

-1. 6380-01

1. 1765-01

1. 2031-01

5. 3806-01

1. 0000-00

2.12(_1-01

Deflection

in./in.

1.7397-01

-3. 8058-01

-6. 3948-01

-7. 1016-01

-i. 3681-02

1.0000-00

-5. 5429-01

Deflection

in./in.

-5. 6021-02

6. 9220-01

2. 8467-01

4. 8831-01

-3. 8641-01

1. 0000-00

2. 8560=02

Deflection

in./in.

-5. 4535-02

1. 0000-00

-2. 0178-01

-5.0924-01

8. 6415-02

-1. 9151-01

-I: 6660-01

Deflection

in./in.

1. 0652-03

-5. 0754-02

1. 5939-01

-3. 0716-01

-6. 4834-02

9. 0643-02

1.0000.00
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TABLE 4-38. LONGITUDINAL MODAL DATA KICK STAGE

MATH MODEL 46

Mode

Gen. Mass

lb. sec.2/in.

Natural

Frequency

cps

Node

1

2

3

4

5

6

7

1. 8246

21. 672

3. 4608

40. 522

1. 4913

89. 083

4

1.8484

144.64

1.4554

170.22

Deflection

in./in.

-2. 4762-01

4.2509-02

2.3614-01

2.3930-01

5.5649-01

1. 0000-00

3. 0761-01

Deflection

in./in.

2.0861-01

-6.4590-01

-9.6761-01

-1.0144-00

-2.4328-01

1.0000-00

-9.0393-01

Deflection

in./in.

-5.3202-02

1.0000-00

-2.4837-01

-3.1962-01

-3.0573-01

1.5636-01

-4.6074-01
e

Deflection

in./in.

-2.6528-03

1.3579-01

-4.7438-01

-1.1505-00

1.0000-00

-3.1960-01

3.9946-01

Deflection

in./in

-2.5355-04

1.8071-02

-9.9310-02

-5.3359-01

-8.1551-01

1.9487-01

1.0000-00
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ATLAS THRUST BUILDUP

Prior to launch, the Atlas booster is supported by two launcher arms and two aux-
iliary supports. Following engine ignition, the Atlas booster and sustainer engines
build up to full thrust. Vehicle upward motion during this period is restrained by the
launcher arms. The analysis of longitudinal and lateral loadings to which the Kick
Stageis subjected during Atlas thrust buildup is presented in this section.

5.1 MATHEMATICAL MODEL

The mathematical model used in computing the transient axial responses during

Atlas thrust buildup is shown in Figure 3-1. The nodes, which are identified on the

figure, have weights as specified under Model 1 in Table 3-5. Stiffness properties of

the springs in Model 1 are listed in Table 3-4. The derivation of the Kick Stage portion

of the mathematical model is as described in Section 3.

5.2 THRUST BUILDUP CURVES

The thrust buildup curve for the MA-5 booster engines, uprated to 336K, is shown

in Figure 5-1. The curve is a Convair modification of the revised specification curve

presented in Reference 5-1. The modification consists of increasing the upper portion

of the curve to a peak nominal thrust of 336K with a 5 percent allowance for thrust

overshoot. As specified in Figure 5-1, the curve is representative of a wet-start con-

dition. Figure 5-2 describes the thrust buildup for the Atlas MA-5 sustainer engine.

This curve is based on the Rocketdyne specification curve provided in Reference 5-2.

The upper portion was amended by Convair to reflect a maximum nominal thrust of

58,000 pounds having a 31 percent thrust overshoot. A dry-start condition is always

employed for the sustainer engine.

The booster and sustainer buildup curves used for this analysis are identical to

those for SLV-3C. They represent thrust forces which are greater than typical curves

and more severe than expected in reality (Reference 5-1). Past experience has yet to

verify the overshoot values used herein. Thus axial loads presented in this section

should be considered conservative.

5.3 METHOD OF SOLUTION

The mathematical model of Figure 3-1 was employed to derive the mode shapes.

They were computed using an IBM 7094 computer program and are tabulated in Section

4 herein. Selected output from this program was used as input to the Forced Vibration

Program, (see Reference 5-3) which computes responses due to applied forces. The

booster and sustainer engine thrust buildup forces, as described in the previous
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NOTES:
1) THE MA-5 BOOSTERTHRUSTBUILDUP SHALL BE TANGENT TO ORLEFT

OF THE REFERENCECURVE FOR VALUES OF THRUSTBELOW 140,000 LB.
2) NOMINAL THRUSTIS 336,000 LB.
3) THRUST BUILDUP CURVE INCLUDES5%OVERSHOOT.

360

320

280

Z

_ 240
0

Z

,-. 200
r_

_ 160

120

8O

4O

REFERENCE

TIME THRUST

(SEC.) (LB.)

• 12 0

• 136 2000

• 141 4000

• 150 I0, 000

•158 18,000

•169 32, 000

•180 55,000

•186 70, 000

•193 96, 000

•199 126,000

•200 140, 000

•202 153,000

•204 161,000

•208 174,000

•212 184,000

•224 208,000

•290 312,000

•295 318,000

•299 322, 000

•304 326, 000

•330 346, 000

•340 352,800

2.0 352,800

12

Figure 5-1.

• 16 . 20 . 24 .28 .32
TIME N SEC.

MA-5 Booster Thrust Buildup Specification (Wet Start)
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NOTE:
THE MA-5 SUSTAINER THRUST BUILDUP SHALL BE TANGENT TO OR LEFT

OF THE REFERENCE CURVE FOR VALUES OF THRUST BELOW 45, 000 LB.

Z

0
==
F_

Z
I-,,,I

TIME

(SEC.)

THRUST

(LB.)

0

500

1500

2500

4500

8000

12,500

30,000

45, '000

54,500

57,700

61,500

65,000

68,000

69,400

TIME ,_ SEC.

Figure 5-2• Sustainer Engine Thrust Buildup (58000 lb. Nominal+31% Overshoot}
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paragraph, were applied simultaneously to mathematical model nodes 20 and 19, re-

spectively. Transient axial response versus time for all masses was derived. Struc-

tural damping of 2 percent was assumed for each of the five modes in this computation.

A more detailed discussion of analyses used is presented in Section 4 of Reference

5-4.

5.4 RESU LTS

5.4.1 MAXIMUM LONGITUDINAL ACCELERATIONS. Figures 5-3, 5-4, 5-5,

and 5-6 describe the transient axiai accelerations versus time during Atlas thrust

buildup for the payload (node 1), liquid hydrogen (node 4), liquid oxygen (node 5}, and

Kick Stage engine (node 6), respectively. These response plots are typical of all Kick

Stage masses, in that all masses have responses that are in phase. Maximum acceler-

ations (positive and negative} are attained in the second cycle of response at identical

times. This similarity in response time-history is typical of payload masses during

Atlas thrust buildup (see Section II of Reference 5-4). Calculated maximum transient

accelerations, in gravity units, for all Kick Stage masses are listed in Table 5-1, col-

umn I. Positive values signify upward acceleration.

In the past, comparisons of actual and calculated thrust buildup loads have indica-

ted that only the first two theoretical peaks should be considered realistic. Therefore,

the above mentioned maximums (column I of.Table 5-1} should be considered invalid,

and it is recommended that accelerations derived during the first cycle of response

(column II of Table 5-1} be used. This latter data (column II} was included in the Total

Loads Table 2-1 of Section 2. The data in column I of Table 5-1 was presented for gen-

eral information and not intended for design.

The static acceleration of * 1 g (due to gravity) given in column III of Table 5-1

must be added to the oscillatory peaks of column II.

5.4.2 MAXIMUM LATERAL ACCELERATIONS. Kick Stage lateral loads gener-

ated during Atlas thrust buildup have not been analyzed for this study. Investigation of

launch data indicates that a "best guess" maximum transient response of ± 0.8 g is

adequate for design during this phase of launch (column IV of Table 5-1}. A nominal

static acceleration of + 0.02 g should be added to the above (column V of Table 5-1).

5.4.3 TRUSS LOADS. The maximum longitudinal truss loads occur at the times

of peak longitudinal accelerations. This is attributed to the similarity in the response

time-history of the Kick Stage masses; each mass acceleration reaches maximum

magnitude at the same time. This is evidence of a Kick Stage quasi-rigid-body type

response, which does not always occur in other thrust buildup cases (see section on

Centaur Second Main Engine Start and Kick Stage Thrust Buildups).
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TABLE 5-i. MAXIMUM RESPONSES OF KICK STAGE DURING

ATLAS THRUST BUILDUP

't

;k

Kick

Stage

Mass

Payload

Payload

Ring

Forward

Ring

Hydrogen

LO 2

Engine

Aft

Ring

I*

Longitudinal

Dynamic

Load - 2nd Cycle

Response (g's)

II

Longitudinal

Dynamic

Load - 1st Cycle

Response (g' s)

III

Longitudinal

Static Load

(g's)

IV

Lateral

Dynam ic

i_ad

(Us)

+0.47

-0.9

+0.47

-0.90

+0.78

-1.1

+1.12

-i.46

+0.41

-0. 53

+0.41

-0.53

+0.51

-0.79

+0.65

-i: 09

+1.00

+1.00

J

_0.8

V

Lateral

Static

Load

(g's)

+0.02

I

÷0.02

*These values are presented for general information only. They a re not for desig-n use.

Truss Loads Clearance Losses

Dynamic

Shear

Load

(Ibs.)

+4,000

Static

Shear

Load

(lbs.)

+I00

Dynamic

Bending

Moment (in.-lb)

_=503, 500

Dynamic

Axial

Load

(lbs.)

+2,409

-4,205

Static

Axial

Load

(Ibs.)

+5, 000

Static

Bending

Moment (in.-lb)

Payload to

Nose Fairing

(inches)

Dynamic Static

i Forward Ring

i to Nose Fairing
(inches)

Dynamic Static

+12,600

+0.75 _0.019 _0.19 +0.005

I
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The maximum axial load on the truss was calculated (using loads of column II)

to be +5000 pounds static (due to gravity), and +2409 pounds or -4205 pounds dynamic

load.

The maximum bending moment and shear at the truss was determined using the

"best-guess" maximum lateral acceleration of + 0.8 g dynamic and the nominal +0.02 g

static. These peak values were found to be as follows:

Truss Bending Moment

Truss Shear

Static

+ 12,600 in.-lb

+ 100 lbs

Dynamic

+ 503,500 in. -lb

+ 4000 lbs

The loads, as presented in this section and Table 5-1, are incomplete for design

use. These loads are to be combined with each other and employed as described in Sec-

tion 2 herein. In addition, environmental loads are to be added in the manner pre-

scribed in Section 2. Total design load factors to be used are summarized in Table

2-1.

5.4.4 PAYLOAD TO NOSE FAIRING, AND FORWARD RING TO NOSE FAIRING

CLEARANCE LOSS. The clearance losses between the payload and nose fairing, and

the forward ring and nose fairing were conservatively calculated. The maximum rela-

tive displacements were separately determined for the longitudinal and lateral axes.

It was assumed that these peaks occurred simultaneously and that their resultant is in

• the direction perpendicular to the nose fairing wall.

In determining the longitudinal component, it is assumed that the relative deflection

due to gravity is zero, and and that it is entirely attributed to dynamic motion. Results,

which were obtained from the Forced Vibration output, are:

Maximum Clearance

Loss (inches)

Payload-to-Nose Fairing 0.05

Forward Ring-to-Nose Fairing 0.005

For the maximum lateral relative deflection, the motion of the nose fairing was

assumed to be zero. The "best guess" lateral load factors of +0.02 g static and +0.8 g

dynamic were applied to the Kick Stage and deflections determined.

Resultants of longitudinal and lateral clearance losses are presented in Table 5-1.

Table 2-1 of Section 2, gives the clearance loss due to environmental vibration, which

must be added to the values of Table 5-1 for design.

In view of the results obtained and the conservatism used in the above, the clear-

ance losses during Atlas thrust buildup are not considered a critical design condition.

Refer to Table 2-1 of Section 2, for a comparative summary at other flight times.
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LAUNCH

The Kick Stage Booster was analyzed with the AC-9 type launcher (described in par-

agraph 6.1). As such, the launch will be a controlled release to the extent that airborne

systems and engine thrust must be "go" before launch release is initiated.

Since the vehicle is in transition from ground holddown to flight during its launch,

there are dynamic loads imparted to it by its launcher. These loads may or may not

design the vehicle depending upon the loads incurred at other times. This section con-

tains a preliminary evaluation of the launch loads for Kick Stage.

6.1 LAUNCHER AND VEHICLE MODELS

Three Kick Stage cases were analyzed in this study, cases number one, four and

seven. The math models for these cases are presented in Section 3 of this report.

The resultant free-free modes for case one are presented in Section 4 of this report.

An AC-9 type launcher model was used. This launcher had a R&D auxiliary sup-

port stabilizer system with one-half inch hydraulic tubing and did not have holddown

and release cylinder back pressure {back pressure is a pressure applied to the bottom

of the release cylinder rod pushing the launcher arms away from the vehicle after pin

pull). This approach was taken for two reasons.

First, although a modified IOC* launcher auxiliary support stabilizer system with

three-fourth inch hydraulic tubing is being installed in the SLV-3C launcher, the precise

nature of the modification is as yet unknown. It was felt that whatever the modification,

the R&D auxiliary support system with one-half inch tubing would result in a conserva-

tive analysis. Although it is not expected to be used, it should be noted than an unmod-

ified IOC system with three-fourth inch tubing would result in launch loads (primarily

longitudinal) higher than those stated in this report.

Second, although back pressure is highly desirable from a loads viewpoint, it is

not at all certain that associated problems have been solved. Therefore, the status of

back pressure is doubtful at this time. As a result the present launcher configuration;

resulting in the severest loads, was used for analysis. However loads with 400 psi

back pressure and a rise off characteristic desirable for the modified IOC system will

be quoted for case number one to illustrate what may be achieved with these concepts.

*The term "IOC" stands for "Initial Operational Capability" and refers to the earliest

version of the launcher used for D-series Atlas missiles.
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6.2 METHOD OF SOLUTION

Figure 6-1 illustrates the basic launcher configuration and is applicable for the

following discussion of the launch analysis. This discussion must first include some

introductory remarks on launcher operation. These remarks refer to one side of the

launcher only with the understanding that the functions are typical for two sides.

Launch is initiated after thrust buildup by the discharge of holddown pressure from

the holddown and release cylinder. When this pressure has dropped to a level such that

it exerts a force equal and opposite to the vertical force the vehicle exerts on the main

support pin, rise-off occurs. At this time the vehicle starts out of the launch pad and

starts rotating the launcher release arm back.

As the vehicle rises out of the pad the auxiliary support stabilizer force, which

gives the vehicle yaw stability during holddown, starts decaying. This decay is de-

pendent upon several launcher characteristics such as type of release cylinder blow-

down decay characteristic, stabilizer system, etc. However at approximately 0.5 to

0.8 inch of vehicle rise the auxiliary support pin bottoms out. At this point the remain-

ing auxiliary support force must decay abruptly to zero as the vehicle rises off the

auxiliary support pin.

At about seven inches of vehicle rise differential-link geometry in the launcher

release arm causes the kick strut to engage the main .support pin via arm linkages.

When this event occurs (herein called kick strut engagement), a kick strut load starts

building up in the buggy spring. When the fncreasing kick strut load is large enough to

overcome linkage and main support pin friction, lateral main support pin motion rela-

tive to the arm is initiated. At this time the main support pin is pulled and the load

supporting the arm is transferred from the main support pin to the kick strut.

At approximately the same time that pin pull is occurring the piston in the holddown

and release cylinder is disengaged from the release cylinder rod. This removes all

holddown and release cylinder forces on the arm and thus on the vehicle. This event

is commonly referred to as dog pull.

After dog pull and pin pull the launcher arm has performed its function in releasing

the vehicle. However the vehicle, via the kick strut, must still push the arm up and

over center onto the release arm snubber. This function typically results in the arm

bouncing on the vehicle twice generating two peak kick strut transient loads.

The combined effect of the kick strut loads, on both sides of the vehicle, is largely

responsible for lateral excitation since they axe not precisely in phase. These loads

also modify the vehicle longitudinal excitation to a large extent. The analysis quoted

herein evaluates the result of the above transients on the Kick Stage and yields neces-

sary preliminary design limit loads.
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In qualitative terms the past discussion completely describes the technique of

analysis. Equations of motion describing the vehicle elastic and rigid body response

in the pitch plane are programed on a digital computer. Also included are planar equa-

tions of motion describing arm rotations about their pivots and main support pin motion

relative to the arms.

These equations are coupled together by springs at the main support pin-missile

interface and the kick strut-missile interface. The springs are regulated by geometric

relationships of the generalized coordinates. This results in the buggy spring being

inoperative until the arm differential link geometry criteria is satisfied. Likewise,

after the main support pins have traveled 1.8 inches relative to the arm the spring

connecting them to the vehicle is then inoperative. The above two operations of course

define kick strut engagement and pin pull in the analysis.

Holddown and release cylinder pressure and auxiliary support forces are pro-

grained as functions of time and vehicle vertical velocity at Station 1207.5, respec-

tively. The holddown forces are stepped to zero after the release cylinder rod has

extended 4.6 inches (dog pull). The auxiliary support forces are stepped to zero after

Station 1207.5 on the vehicle has risen 0.5 inch. Back pressure forces, when used,

are programed as a function of release cylinder rod extension. Vehicle engine
thrust forces and booster turbine exhaust forces are considered as constants.

The above analysis was run on the digital computer for Kick Stage using all nom-

inai parameters and a maximum thrust vector misalignment dispersion. Additional

dispersions were evaluated by analyzing Atlas/Centaur LV-3C theoretical and experi-

mental data. These results were incorporated into the Kick Stage analysis as lateral

and longitudinal multiplicative factors. The tabular loads given in section 6.3

therefore contain a 1.32 lateral factor and a 1.17 longitudinal factor.

6.3 RESULTS

Longitudinal and lateral design limit accelerations for Kick Stage are presented in

Tables 6-1 and 6-2. The resultant truss design limit loads are presented in Table 6-3.

Nose fairing design limit clearance losses are presented in Table 6-4.

Some representative loads data are given in Figure 6-2 for the Kick Stage payload.

The lateral and longitudinal loads are given for case number one with and without back

pressure.

Analysis of the lateral and longitudinal acceleration data in Tables 6-1 and 6-2

and Figure 6-2 indicates that with back pressure loads may be reduced by up to 50

percent longitudinally and 70 percent laterally. If launch is a critical factor in Kick

Stage design it would be well to consider usage of back pressure to reduce design loads

and resultant structural weight requirements.
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TABLE 6-1. LONGITUDINAL DYNAMIC ACCELERATIONS* AT LAUNCH (g's)

Payload

Payload Ring

Case 1

.99

.88

Case 4 Case 7

1.15

1.01

Case 1 with

Back Pressure

Forward Ring

Hydrogen

LO 2

Engine

Aft Ring

.78

.78

i.04

.69

.70

1.03

1.34

.75

1.38

•69

.82

.83

• 95

1.20

.69

.27

•27

.35

.44

.27

*Add 1.2g steady state.

TABLE 6-2. LATERAL DYNAMIC ACCELERATIONS AT LAUNCH (g's)

Payload

Payload Ring

Forward Ring

Hydrogen

LO2

Engine

Aft Ring

Case 1

1.72

.61

.45

.40

.37

•44

.36

Case 4 Case 7

1.55

1.01

.82

.74

•52

•44

•53

2.38

.61

.58

•54

.48

•58

.46

Case 1 with

Back Pressure

.38

.16

.12

.11

.08

.09

.08
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TABLE 6-3. TRUSSLOADS*

Bending Moment (in.-Ib)

Shear (Ib)

rDynamic
Axial Force (Ib)

Static

Case 1

9.4 x 105

6050

4600

6000

Case 4

1.9 x 105

2070

1640

2760

Case 7

12.2 x 105

7300

5100

6000

Case I with
Back l>ressure

2.2 × 105

1400

1500

6000

*These loads are to be taken as acting simultaneously.

TABLE 6-4.

Payload to Nose Fairing

Fwd ring to Nose Fairing

DYNAMIC CLEARANCE LOSSES (in.)

Case 1
i

.48

•095

Case 4

• 24

• 099

Case 7

1.13

•190

Case 1 with

Back Pressure

.12

•024
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FLIGHT LOADS

This section contains lateral aeroelastic and bending mode response of the vehicle

due to winds aloft and gusts in the Mach i to maximum aerodynamic pressure region of

flight.

7.1 WINDS ALOFT RESPONSE

The objective, with respect to flight loads on the SLV-3C/Centaur/Kick Stage

Vehicle, was a Launch Availability (L. A. ) of 85 percent. To obtain loads corresponding

to this L. A., data obtained in a previous study with a similar vehicle was utilized

(Reference 7-1). This previous study made use of the COMBO Trajectory Simulation/

Bending Moment/Plotter Program (Reference 7-2 and 7-3), and a statistical set of 33

real winter winds. For each run, at the time of maximum vehicle loading, the root-

sum-square of the pitch plane and yaw plane angles of attack was obtained. Angle of

attack is defined as the angle between the relative velocity vector (relative to the air)

and the vehicle longitudinal axis.

These resultant angles of attack were then used to obtain an approximation of the

85 percent level for the SLV-3C/Centaur/Kick Stage Vehicle (Figure 7-1). The re-

sultant angle of attack obtained was approximately 4.0 degrees. An allowance for a

slower vehicle response time and the small wind profile sample size was added, bring-

ing the total angle of attack to 4.4 degrees.

The angle of attack of 4.4 degrees is, therefore, the value used in the static nero-

elastic portion of this section and is considered to be a reasonable approximation for

this study. In Figure 7-1 it can be seen that maximum loads, due to wind profiles,

would occur from roughly 70 to 80 seconds. Therefore, it seems reasonable to combine

these loads at 72 seconds with the maximum gust loads at 72 seconds shown later in

this section.

7.2 STATIC AEROELASTIC SOLUTION

Static aeroelastic loads are primarily predictable type loads, as compared to gust

loads, which are considered random.

The static aeroelastic data was obtained using digital program Number 3558, static

aeroelastic program (Reference 7-4). This program calculates the steady state loads

and lateral deflections along the length of a trimmed vehicle, as the vehicle is subjected

to an aerodynamic loading at a specific angle of attack. The deflections are calculated
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using the product of the vehicle load matrix, which includes the aerodynamic and inertia

forces, and the vehicle flexibility matrix. The deflections are then used with the stiff-

ness matrices to calculate the shears and moments. Since the system is elastically

coupled through the aerodynamic forces, calculations of the elastic deflections and loads

are made by iterating to the converged elastic shape.

Table 7-1 includes both the increment due to an angle of attack (Cy/fi), and due to

a zero angle of attack (Cyo). The Cy/fi portion was also used as input to the gust re-

sponse program.

The data presented in Tables 7-2 through 7-5 reflect the use of the 4.4 degrees

angle of attack. Loads, due to other angles of attack, may be taken proporiionally,

with reasonable accuracy.

Table 7-2 is the summary of static aeroelastic results for the three non-critical

times in flight. Table 7-3 is the summary for the critical flight time (72 seconds) for

the various Mathematical Models (MM). Included in these tables are the rigid and elastic

bending moments at various stations, the vehicle lateral accelerations, and engine

gimbal angles.

The engine gimbal angles are the angles required to trim the vehicle and are

further defined as follows:

a. Rigid. Engine gimbal angle measured relative to the undeformed axis using

the load matrix of a rigid vehicle.

b. Control. Engine gimbal angle measured relative to the undeformed axis using

the load matrix o_ the converged elastic shape of the vehicle.

c. Indicated. Same as "control" except gimbal angle is measured relative to the

slope of the deformed axis at the gimbal node.

Table 7-4 summarizes the static aeroelastic loads at the base of the Kick Stage

truss, for the various MM's at the critical time.

Loss of clearance between the nose fairing and the payload and between the nose

fairing and the top of the Kick Stage truss, plus deflections, are summarized in Table

7-5.

Although the engine gimbal angles (Tables 7-2 and 7-3) appear large, and in one

case exceeds the accepted limit of 5.0 degrees, this is not considered to be a serious

problem. The 5.0 degree limit is for the pitch or yaw plane, whereas the angles in

Tables 7-2 and 7-3 are due to a resultant angle of attack. Also, using pitch and yaw

booster steering as is presently being used on Atlas/Centaur vehicles, would reduce the

deflection. Another method for reducing engine deflection would be to gimbal the sus-

tainer engine during the booster phase of flight (currently it is not gimbaled at that time).
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TABLE 7-2.

THREE NON-CRITICAL TIMES IN FLIGHT

Mathematical Model 8, 20 9, 21

Flight Time t = 56 sec. t = 64 sec.

Aerodynamic Pressure q = 473 lb/ft 2 q = 622 lb/ft 2

STATIC AEROELASTIC BODY BENDING MOMENT, VEHICLE

LATERAL ACCELERATION AND ENGINE GIMBAL ANGLE FOR

11, 23

t = 80 sec.

q = 792 lb/ft 2

Station

(in)

(SLV-3C)

Nose Fairing

Nose Fairing

Nose Fairing

Interstage Adapter

Centaur Top LH2

Ring

Centaur Bottom

LH 2 Ring

Atlas Top IX) 2

Ring

Atlas LO2 Tank

Atlas LO2 Tank

Atlas I-O2 Tank

Atlas LO2 Tank

Atlas Inter. Blkhd

Bending Moment (106 in.-lb)

-156

-48

+20

+20

168

361

519

674

703

732

761

937

Rigid

0. 250

0. 789

1. 161

1. 109

1. 791

Elastic

O. 274

O.

1.

1.

867

275

219

971

814

.

Rigid

0. 320

1.095

1. 796

1. 702

791

887

.

Elastic

0.368

1. 261

2. 070

I. 964

3.238

Rigid

0.432

1.431

2.255

2.118

at

.2. 554

2. 818

3. 093

3. 112

3. 100

3. 056

2. 204

.

3. 112

3.417

3. 438

3. 426

3. 379

2. 452

.

4.324

4.973

5.040

5. 064

5. 030

3. 738

4. 540

5.060

5.792

5.868

5.896

5.857

4.376

.

6.

7.

7.

7.

5.

740

839

419

917

007

033

009

161

Booster Sep. Joint

Booster Rail Support

Booster Gimbal

Point

1133

1160

1206

Vehicle Lateral Acceleration

Engine Gimbal Angle

Rigid

Control

Indicated

0. 796 0.849

0. 532 0. 592

0. 0734 0. 0692

(g's) (g's)

0. 0862 0. 0933

1.255 1.490

0.861 1.021

0.0010 0.0015

(g's) (g's)

0.156 0.176

1.807

1.271

O. 100

(g's)

0.227

(degrees)

1.03

1.27

1.54

(degrees)

2.33

2.88

3.43

Elastic

0. 526

1. 746

2. 752

2. 588

4. 564

7. 109

7. 830

8. 459

8. 572

8.611

8. 588

6. 393

2. 253

1. 573

0. 083

(g's)

O. 272

(degrees)

3.17

4.22

5.04

NOTE:

Angle of Attack = 4.4 degrees.
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TABLE 7-3. STATIC AEROELASTIC BODY BENDINGMOMENT, VEHICLE
LATERAL ACCELERATION AND ENGINE GIMBAL ANGLE FOR
CRITICAL TIME IN FLIGHT

Mathematical Model Numbers

Description
Nose Fairing
Nose Fairing
Nose Fairing
Interstage Adapter
Centaur Top LH2

Ring
Centaur Bottom

LH2 Ring
Atlas Top LO2 Ring
Atlas LO2 Tank
Atlas LO2 Tank
Atlas LO2 Tank
Atlas LO2 Tank
Atlas Inter Blkhd
Booster Sep. Joint
Booster Rail Support
Booster Gimbal Point

Station

(in.)

(SLV-3C)

-156

-48

+20

+20

168

361

519

674

703

732

761

937

1133

1160

1206

Vehicle Lateral Acceleration

Engine Gimbal Angle

Rigid

Control

Indicated

10, 12, 13, 17

18, 19, 22, 24

25, 29, 30, 31

14, 15, 16

26, 27, 28

Bending Moment (106 in.-lb)

Elastic

32, 33

Rigid

0.380

1.281

2. 031

1.913

3.282

4. 949

5. 534

6. 242

6. 348

6. 397

6. 380

4. 733

1. 687

1. 195

0. 125

(g's)

O. 201

0. 451

1. 523

2. 417

2. 279

3. 916

5.911

6. 616

7. 442

7. 565

7. 623

7. 603

5. 675

2. 027

1. 423

0. 108

(g's)

0. 234

(degrees)

2.75

3.59

4.29

Rigid Elastic

0.380 0. 456

1.281 1. 538

2.029 2. 440

2. 006 2. 414

3. 731 4. 146

5. 187 6. 257

5.799 7. 001

6. 531 7. 865

6.640 7. 993

6.691 8. 054

6. 672 8. 032

4.953 6.000

i. 766 2. 142

I. 248 1. 502

O. 124 O. 107

(g's) (g's)

0. 209 0. 245

(degrees)

2.92

3.84

4.56

Rigid Elastic

0.38O 0. 451

1. 281 1. 518

1. 455 1. 725

1. 909 2. 266

3. 270 3. 883

4. 927 5. 852

5. 504 6. 542

6. 204 7. 354

6. 308 7. 474

6. 356 7. 530

6. 337 7. 508

4. 733 5. 642

1. 687 2. 014

1. 195 1. 415

0. 125 0. 108

(g's) (g's)

O. 201 O. 232

(degrees)
2.75

3.56

4.26

NOTE:

Time = 72 seconds

Dynamic pressure = 734 Ib/ft2

Angle of attack = 4.4 degrees
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TABLE 7-4. STATIC AEROELASTIC LOADSAT BASE OF TRUSS(NODE79)

Mathematical Model

8, 20

9, 21

11, 23

10, 12, 13, 17, 18, 19

22, 24 25, 29, 30, 31

14, 15, 16, 26, 27 28

32

33

Rigid Vehicle

BM

(106 in.-lb)

O. 0538

0. 0975

0. 1411

0.1224

0.0315

0.400

0.387

NOTE:

Angle of attack = 4.4 degrees

Elastic Vehicle

Shear

(103 Ib)

0.428

0. 774

1. 124

0. 952

0. 425

7. 471

7. 258

BM

(106 in.-lb)

0. 0583

0. 1102

0. 1694

0.1422

0.0369

0.477

0.461

Shear

(103 lb)

O. 463

O. 875

1. 350

1.105

0.498

8.871

8.617
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TABLE 7-5.

Math

Model

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
31

32

33

NOTE:

DEFLECTIONS AND LOSS OF CLEARANCE BETWEEN PAYLOAD

AND NOSE FAIRING AND BETWEEN TOP OF TRUSS AND NOSE

FAIRING

Nose

Fairing

Deflection

at - 156 in.

(inches)

2.27

Payload

Deflection

at -156 in.

(inches)

1.74

.

4.

5.

4.

4.

5.

5.

5.

4.

4.

4.

2.

3.

4.

5.

4.

4.

5.

5.

5.

4.

4.

4.

4.

4.

70 2.81

58 3.54

21 4.02

58 3.55

58 3.51

22 4.23

22 4.24

22 4.21

58 3.49

58 3.50

58 3.43

27 1.75

70 2.84

58 3.58

21 4.09

58 3.59

58 3.57

22 4.24

22 4.25

22 4.23

58 3.56

58 3.57

58 3.55

23 3.635

24 3.65

Nose

Loss of Fairing

Clearance Deflection

at -156 in. at -48 in.

(inches) (inches)

0.53 1.46

0.89 2.42

1.04 2.98

1.19 3.37

1.03 2.98

1.07 2.98

0.99 3.52

0.98 3.52

1.01 3.52

1.09 2.98

1.08 2.98

1.15 2.98

0.52 1.46

0.86 2.42

1.00 2.98

1.12 3.37

0.99 2.98

1.01 2.98

0.98 3.52

0.97 3. 52

0.99 3.52

1.02 2.98

1.01 2.98

1. O3 2.98

0. 595 2.67

0.59 2.67

Kick Stage

Fwd Ring

Deflection

at -48 in.

(inches)

1.27

2.05

Loss of

Clearance

at-48 in.

(inches)

0. 19

0.37

2.58

2.91

2. 59

2.56

3. 12

3. 13

3.11

2.57

2.58

2.56

1.27

2.06

2. 59

2.93

2.59

2.59

3.13

3. 13

3.13

2.59

2.59

2.59

2.67

2.67

0.40

0.46

0.39

0.42

0.40

0.39

0.41

0.41

0.40

0.42

0. 19

0.36

0.39

0.44

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0

0

Angle of Attack = 4.4 degrees, yaw plane
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7.3 GUST RESPONSE SOLUTION

The gust response results were obtained using digital program Number 2466, gust

response program {Reference 7-5). This program calculates the rigid and elastic loads

and deflections of a vehicle subjected to a gust. The entire vehicle is assumed to be

enveloped by same gust velocity at any one instant.

The vehicle is stabilized by an autopilot, which uses a second order lag filter, a

lead filter, and an integral gain. The program utilizes normal mode theory with the

engines included as part of the dynamic model, i.e., engines in the modes.

Shears and moments are calcaulated by the mode a'cceleration method. Normal

accelerations and elastic deflections are also obtained from the gust response program.

7.4 INPUT DATA TO GUST RESPONSE PROGRAM

The gust response program was run at four different times in flight. These times,

56, 64, 72, and 80 seconds, correspond to altitudes of 17,100, 23,800 31,800, and

41,200 feet, respectively. The gust used in this study was "l-cosine" shaped, with a

maximum peak wind speed of 30 feet per second. As can be seen from Figure 7-2, the

peak wind speed of 30 feet per second was used in the runs for 72 and 80 seconds, with

lesser values used for the other two times.

100

80

60
0

_ 40

_ 20

0
10

Figure 7-2.

15 20

GUST VELOCITY._ ft/sec.

Gust Velocity versus Altitude

25 30
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The gust wave length was tuned to the vehicles third, fourth, and fifth modes. An

earlier study indicated that tuning the gust to these modes gave noticeably greater pay-

load response than other wave lengths. This is due to being close to the uncoupled

natural frequency of the payload.

Input to the gust response program (Tables 7-6 through 7-9), consists of various

engine, trajectory, autopilot, and gust parameters. It also includes vehicle structure,

component, propellant, and propellant slosh masses. Vehicle damping is also included.

The gust response program calculates vehicle response for an incremental angle

of attack, and, therefore, only the Cy/fl portion of Table ,7-1 (Aerodynamics Coefficients}
was utilized.

TABLE 7-6. TRAJECTORY DATA

Time

Seconds

56

64

72

80

Altitude

Feet

17,100

23,800

31,800

41,200

Mach

No.

N.D.

0.77

1.01

1.30

1.68

Dynamic

Pressure

lb/ft 2

473

622

734

792

Booster

Thrust

(Total)

(Ib)

354,400

359, 560

364, 610

369,280

Sustainer

Thrust

(Ib)

69,750

72,680

75, 450

77,870

Vehicle

Weight

(lb)

234,260

221,620

209.020

196,440

Axial

Acceleration

(g's)

1.75

1.79

1.90

2. 10

TABLE 7-7. AUTOPILOT INPUT

Description Value

Autopilot Displacement Gain

Integrator Loop Gain

Rate Gyro Loop Gain

Filter Time Constant, Lead

Filter Time Constant, Lag

Natural Freq. of 2nd Order Lag Filter

Damping of 2rid Order Lag Filter

Natural Freq. of Rate Gyro

Damping of Rate Gyro

1.8 deg/deg
0.18 sec. -1

0.45 sec.

0.0sec.

0.0338 sec.

15.5 rad./sec.

0.5

157.0 rad./sec.

0.6

7-12



TABLE 7-8. GUST DATA

Gust Period

Vehicle I00 ft 300 ft 500 ft 750 ft 1000 ft

Time Velocity Wavelength Wavelength Wavelength Wavelength Wavelength

Seconds ft/sec Seconds Seconds Seconds Seconds Seconds

56

64

72

80

831

1060

1315

1622

0. 120

0. 094

0. 076

0. 062

0. 361

0. 283

0.228

0. 185

0. 602

0. 472

0. 380

0. 308

0.903

0. 708

0. 570

0. 462

1. 203

0. 943

0. 761

0.617
I

NOTE:

In addition to these gusts, others were used that were tuned to specific modes.

TABLE 7-9. SLOSH MASSES AND NATURAL FREQUENCY

SLV-3C VEHICLE

Liquid Oxygen RP- 1

Time

Second

Weight

(lb)

Center of

Gravity
'inches

(S LV- 3 C)

Natural

Frequency

rad./sec.

Weight

(lb)

Center of

Gravity

inches

(SLV-3C)

Natural

Frequency

rad./sec.

56 12,290

64 12,290

72 12,290

80 12,290

652.54

671.75

691.00

710.15

4.63

4.68

4.82

5.06

8924

8924

8924

8924

1011.09

1023.20

1035.23

1047.27

4.63

4.68

4.82

5.06

CENTAUR VEHICLE

LiquidOxygen Liquid H_rogen

Time

Second

56

64

72

80

Weight

(Ib)

Center of

Gravity

inches

(SLV-3C)

Natural

Frequency

rad./sec.

Weight

(lb)

Center of

Gravity

inches

(SLV-3C)

3, 158

3, 158

3,158

3,158

332.70

332.70

332.70

332.70

6.71

6.79

6.99

7.34

193.4

193.4

193.4

193.4

203.88

203.88

203.88

203.88

Natural

F requency

rad./sec.

5. 52

5.59

5.75

6.04
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TABLE 7-9. SLOSHMASSESAND NATURAL FREQUENCY(CONTINUED)

NOTE:

Natural Frequency

= f32.2_ x

where

0_ = Natural Frequency - rad./sec.

_x = Axial Acceleration - g's

Lp = Slosh Hinge Arm - feet

LpArLAS= 2. 716 feet

Lp:ENTAU_LO_= 1.25 feet

LpcE_TAuR_2 = 1. 84 feet

7.5 GUST RESPONSE

The most critical time in flight, for both the aluminum structure and the Be-A1

alloy sti'ucture, was determined by running the gust response program at four specific

times in flight. The times used were 56, 64, 72, and 80 seconds, which correspond

to MM's 8, 9, 10, and 11 for the aluminum structure, and MM's 20, 21, 22, and 23 for

the lock alloy structure (E = 30 x 106). In both sets it was determined that the most

critical time was 72 seconds (Table 7-10). The responses of specific important masses

for the MM's run at the critical time are summarized in Table 7-11.

Figures 7-3 through 7-12 contain plots of lateral acceleration versus gust time of

various important masses for several 72 second MM's. Included are the payload,

liquid hydrogen, liquid oxygen, and engine masses for MM's 10, 14, 17, 22,and 32.

Figures 7-13 and 7-14 show the relative difference in clearance between the for-

ward ring and the nose fairing, and between the payload and the nose fairing for
MM 10.

Figure 7-15 shows plots of both shear and bending moment for the Kick Stage truss
near the aft ring for MM 10.
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TABLE 7-11. SUMMARY OF MAXIMUM ACCELERATIONS FOR IMPORTANT

MASSES AT CRITICAL FLIGHT TIME (72 SECONDS)

Mass

LH2 & LO2 &

Math Payload Structure Structure

Model (g's) (g' s) (g' s)

10

12

13

14

15

16

17

18

19

22

24

25

26

27

28

29

3O

31

32

33

-1. 134

-1. 156

- 1. 049

-1.

-0.

-1.

-0.

--0.

-0.

-0.

--0.

--0.

-0.

--0.

--0.

-1.

--1.

-1°

-0.

-0.

046

983

250

93O

976

821

870

823

988

880

863

921

130

080

145

964

819

0. 263

0. 263

0.256

-0.643

-0. 614

-0. 750

0.298

0.299

0.297

-0. 365

-0. 371

-0. 361

-0. 588

-0. 580

-0.614

0. 262

0. 270

0. 263

0.291

0. 318

0.243

0.228

0.264

-0.

--0.

--0.

.

0.

0.

.

0.

0.

-0.

--0°

--0°

.

0.

0.

.

0.

466

474

432

274

268

286

256

273

223

481

483

476

216

215

237

242

262

Engine &

Structure

(g's)

O. 213

O. 199

O. 232

-0. 446

-0. 453

-0. 413

'0.241

0.236

0.250

0. 240

0..259

0. 203

-0.444

-0.446

-0.439

0. 187

0. 189

0. 206
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7.6 NOSE FAIRING "OUT-OF-ROUND"

Clearance loss between the nose fairing and the payload and between the nose fairing

and the forward ring due to nose fairing "out-of-round" is summarized in Figure 7-16

and Table 7-12. The "out-of-round" condition stems from wall differential pressure

due to steady state aerodynamic loads and from bending of the nose fairing.

The out-of-round deflection data shown in Table 7-12 is based in part on experi-

mental data which contained a small amount of unsymmetrical deflections. These effects

are due to unsymmetrical structures (doors, cutouts, etc. ) which are part of the nose
fairing.

The nose fairing to forward ring tie used in MM 32 and 33 has been assumed to

prevent relative motions of these parts except for the out-of-round deflection which is

shown. This also may be eliminated depending on the detail of the tie.

D LOAD (TYPICAL)

.-y

Figure 7-16. Nose Fairing "Out-of-Round" Displacement

TABLE 7-12. NOSE FAIRING "OUT-OF-ROUND" DISPLACEMENTS

Station
Load Inches

Condition Node (SLV-3C)

I 5 -[56

lI 5 -156

I 8 -48

lI 8 -48

Radial _Out-of-Round" Displacements

(Inboard = -
A B

-0.05 -0.13

-0.01 -0.06

-0.05 -0.08

-0.01 -0.04

Outboard = +
C D

+ 0.09 -0.10

+ 0.02 °0.05

H-0.02 -0.09

+ 0.005 -0.04

LOADING CONDITION I - STATIC AEROELASTIC LOADS

LOADING CONDITION II - ROOT-SUM-SQUARE OF GUST AND
DISPERSIONS LOADS
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7.7 F LIGHT LOADS SUMMARY

Table 7-13 summarizes the static and dynamic responses of specific points along

the vehicle for the critical time in flight.

The dynamic responses tabulated in Table 7-13 represent, in addition to the gust,

responses due to lack of wind profile persistance, errors in balloon data, and transonic

buffet of the entire veMcle. Also, response due to a 0.7 degree angle of attack for

miscellaneous trajectory dispersions was root-sum-squared with the gust responses.

The static response conuists of data obtained for an angle of attack of 4.4 degrees.

The axial load on the truss is the product of the vehicle longitudinal acceleration

(1.9 g's) and the weight bearing on the truss. The weight for the 3000 pound payload

is 5000 pounds, and the weight for the 300 pound payload is 2300 pounds.

The clearance losses between the nose fairing and the payload and" between the

nose fairing and the forward ring for the static response includes the static aeroelastic

loss and the appropriate "out-of-round" deflection. The dynamic clearance loss in-

cludes the loss due to gust response, dispersions and the proper "out-of-round" de-

flection from Table 7-12.

The static and dynamic clearance losseswere calculated using the following

formulas:

Clearance Losssr_r, c =

Clearance Loss0_,c =

1

1

c +A')2÷(B')2÷G2]2-

where

C = Clearance loss due to static aeroelastic load.

A, _ = Point A deflection for appropriate "out-of-round" condition.

B, B' = Point B deflection for appropriate "out-of-round" condition.

G = Clearance loss due to gust and dispersions load.

The static aeroelastic and gust results, as summarized in this section, appear to

be valid when compared to data for the shorter Atlas/Centaur vehicles.
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MAXIMUM BOOSTER ACCELERATION

The maximum booster acceleration analysis determines the longitudinal and lateral

limit loads as well as the vehicle bending moments at the instant prior to Atlas Booster

Engine Cutoff (BECO). These loads are caused mainly by weight offset and centerline

misalignment of the various stages. Secondary effects, liquid sloshing and aerody-

namic loading, contribute approximately 20 percent more load. The bending moment

that occurs at this time is approximately equal to a ten percent increase in the axial

load. Maximum Booster Acceleration (MBA) is an important design condition.

To simplify the analysis, it was found expeditious to assume superposition of the

various load causing factors. That is, the analysis was broken up into three distinct

parts;

a. Weight Offset and Centerline Misalignment

b. Liquid Sloshing

c. Aerodynamic Loading

. In addition, only the 3000 pound payload was considered. Results of the analysis may

be found in Ffgure 8-1.

8.1 CENTER OF GRAVITY (CG) OFFSET AND MISALIGNMENT

The bending moments caused by various weight offsets and centerline misalign-

ments of the various stages were calculated for a rigid vehicle just prior to Atlas

BECO. The following assumptions were made for this part of the analysis:

1. The vehicle was rigid and consisted of many discrete mass points whose

weights were concentrated at the CG of each of the masses.

2. All propellants were treated as if they were rigid structures.

3. External aerodynamic forces and forces acting on the tank walls due to

sloshing propellants were excluded.

4. Engine deflection was static and the vehicle w_/s in the trimmed condition.

5. The engine thrust consisted of a fixed sustainer and a controlled booster

thrust. The total thrust vector passed through the vehicle CG.

6. Small angle approximations for engine gimbaling and misalignments were

used.
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Figure 8-1. Maximum Booster Acceleration Bending Moments
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The thrust from the booster and sustainer engines was applied at the same

point at Station 1212.

The following were the maximum centerline misalignment angles caused by

manufacturing tolerances:

(a) 1/8 degree at Station 519 (sustainer - Centaur interstage adapter)

(b) 1 minute-28 seconds at Station 361 (Centaur interstage adapter - Centaur)

(c) I minute-28 seconds at Station 168 (Centaur-KickStageinterstage adapter)

(d) 1 minute-28 seconds at Station 18 (Kick Stage interstage adapter-Kick Stage)

(e) I minute-28 seconds at Station 82 (Kick Stage-Payload).
All station numbers are referenced to Atlas SLV-3C.

9. Kick Stage radial offset can be as much as 1 inch.

I0. Payload radial offset can be as much as I. 5 inch.

The propellant masses were obtained from a digital computer run, Program 2520,

for SLV-3C. However, in order to obtain inputs which were compatible with Program

2697C, Bending Moments Due To CG Offset and Misalignment, it was necessary to

divide the Atlas fuel and LO 2 propellants into smaller discrete masses. This too, adds

greater accuracy to the calculations. Propellant in the main LO2 line was calculated

by assuming that its density was 70.0 potmds/ft 3 The fixed thrust, taken as 82,327

pounds, acts along the vehicle centerline, while the control thrust, taken as 382,100

pounds acts to provide the net thrust vector through the vehicle CG.

To obtain the maximum bending moment it was necessary to determine in which

lateral plane the centerline misalignments and radial offsets would be taken. This was

accomplished by determining the pitch and yaw axis bending moments of an aligned ve-

hicle from Program 2697C. For this particular case, bending moments are caused

only by component weight offset and vehicle lateral and longitudinal acceleration. The

critical plane was then found in the direction of the vector sum of these bending mo-

ments, at a particular station. Station 938 was chosen as the point at which the critical

plane should be determined. It is at this station that the Atlas fuel and LO2 tanks are

joined and, from a design standpoint, is considered as a critical area. Using the data

obtained for the aligned case, at Station 938, the critical plane was found to be 52o44 '

off the pitch plane in Quadrants 2 and 4. Analysis of the particular problem at hand

indicated that Quadrant 2 should be selected as the direction in which the centerline

misalignments and radial offsets should be taken.

The computer input was then modified to incorporate the critical plane in which

the misalignments and offsets were taken, and the vehicle bending moments recalcu-

lated. Since the correct direction was chosen for the critical plane, in this case

Quadrant 2, the bending moments were greater than those obtained for the aligned case.
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8.2 LIQUID SLOSH

Bending moments and accelerations caused by slosh were calculated with the fol-

lowing assumptions:

1. Propellant slosh was represented by a pendulum analogy.

2. Propellant masses were composed of rigid slosh masses at the ends of the

pendulums and rigid fixed masses.

3. Shear forces were considered acting at the pendulum hinge point.

4. Slosh angles were taken as 1/4 degree (zero-to-peak).

5. Centaur fuel and Kick Stage propellant tanks were assumed to have

negligible slosh mass.

6. Unequal tanking of the Kick Stage oxygen bottles was not considered a

slosh problem but rather a weight offset.

7. Rigid body rotational acceleration was "0"= .0157 rad/sec 2

Maximum shear forces due to slosh and engine deflection were calculated as fol-

lows, where the slosh mass and pendulum hinge points were obtained from Program

2520 for SLV-3C.

Fn_c = - Zmp,cCLc = - (5. 756)(3870) 5-7.3 = 97 pounds (Centaur LO2)

Fn_ ' = - _apF ' _,, = - (5. 756)(5750) ( .255-_.3 ) = - 144 pounds (Atlas fuel)

F[__A

Fn
Tc

where

25
=-'Z'mp eL^ = -(5. 756)(9770) (_3) = -245 pounds (Atlas LO2)

= -To 5 = -382,100 5 (Engine deflection)

Fn = normal shear force--_ pounds

mp = pendulum mass ,,_ pounds

= longitudinal acceleration-,_ g's

¢ = slosh angle---radians

5 = engine deflection _ radians

The worst combination of pendulum amplitudes was used in the analysis.
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The two basic equations of equilibrium which were solved were that the sum of all
the forces acting on the vehicle and the sum of all moments acting on the vehicle
are zero. From the simultaneous solution of these two equations, it is possible to
obtain both the engine deflection (6 = .187 °) and the lateral acceleration (_; = .0105 g's).

Inserting the calculated values of engine deflection, and lateral acceleration, into the

equations of equilibrium, the force and bending moment at each discrete mass may be
obtained.

The solution of the slosh problem has been reexamined with respect to initial

estimates of both the engine deflection (6 = .15 °) and lateral acceleration (_; = .01 g).

These values were determined concurrently with the estimate for the rigid body rota-

tional acceleration, 0. Since the estimated values of the engine deflection and lateral

acceleration are in close agreement with the calculated values, it can be concluded

that both the estimate for the rotational acceleration and the bending moments are
realistic.

8.3 AERODYNAMIC LOADING

Design of the vehicle necessarily includes assumptions of the angle of attack, with

respect to the free air stream. However, because of dispersions in both the vehicle

angle of attack and dynamic pressure, due principally to the pitch program voltage

variations, atmospheric variations and trajectory considerations, an _q (angle of

attack x aerodynamic pressure) of 30 deg-lb/ft 2 has been used. The value of aqhas been

obtained as the maximum design crite÷ia for jettison of the booster engine structure.

To maintain vehicle equilibrium, the total force vector, including aerodynamic

terms, necessarily passes through or near the CG of the vehicle. The vehicle is

therefore in a trimmed condition with both the rotational velocity and rotational accel-

eration being approximately zero.

Interpolation of the vehicle aerodynamic moment coefficients, obtained from pre-

vious analyses of currently flown Atlas/Centaur vehicles, was considered reasonable

for the longer SLV-3C configuration. At maximum booster acceleration, changes in

the aerodynamic moment coefficients with respect to Mach number are small. There-

fore, moment coefficients at Mach 2.5 were used in the analysis. The bending mo-

ments associated with aerodynamic loading may now be calculated from:

n

= Mcj (_q} AL -_Mj Wi_i

l=l

where

Mj = Bending moment at Station j _ in.-lb

Mcj = Coefficient of total bending moment at Station j _per degree

= Angle of attack_ degrees
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q = Dynamic pressure _ lb/ft 2

A = Reference area -_ 78.5 ft 2

L = Reference length _- 1500 inches

W i = Mass at Station i--- lbs

£i = Moment arm from Station i to Station j _ inches

= Vehicle lateral acceleration _ g's

n = Number of discrete vehicle masses

All Stations i are forward of Station j, about which the bending moments are to be

found.

8.4 RESULTS

Weight offset and misalignment resulted in approximately .03 g lateral acceleration

at the Kick Stage with a maximum of .62 million in.-lb bending moment in the Atlas

vehicle. The additional lateral load incurred atKick Stage because of slosh was found

to be approximately .04 g's. The other factors entering into the analysis are consider-

ably smaller than either of the contributions of slosh or CG offset so that the total

lateral load factor is rounded off at approximately 0.1 g. Relative motion between the

shroud and the Kick Stage forward ring was calculated as approximately .02 inch for

the 0.1 g load, while the relative motion between the payload and the shroud was .08

inch for the 0.1 g load. The maximum bending moment from all contributions is .75

million in.-lbs in the Atlas with approximately .080 million in.-lbs at the base of the

Kick Stage aft ring and beam (Station 14). It is recommended that a maximum steady-

state longitudinal acceleration of 5.8 gts be used for design to provide mission flexi-

bility.

Should assumptions of centerline misalignments, radial offsets, etc., prove to be

too small, then portions of this analysis should be reviewed for redetermination of the

load factors.
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CENTAUR MAIN ENGINE START & CUTOFF

Engine thrust forces are the largest forces experienced by a vehicle during flight.

Longitudinal loads produced during a thrust buildup or cutoff are a significant factor

for consideration in vehicle design. Results of analyses for determining Vdck Stage

longitudinal transient responses during Centaur second Main Engine Start (MES), and

first and second Main Engine Cutoffs (MECOI are presented herein.

In addition, the existence of two Centaur engines introduces the possibility of an

unsymmetric thrust loading at engine start and shutdown. Kick Stage lateral loads in-

duced by this phenomenon have been analyzed and results are included in this section.

9.1 MATHEMATICAL MODEL

Three Kick Stage/Payload configurations were employed for each of the longitudinal

analyses at Centaur second main engine cutoff. These consisted of the two-ring and

three-ring Kick Stage design, each with fhe 3,000-pound payload, and the 300-pound

payload on the two-ring Kick Stage configuration.

Longitudinal response at Centaur first main engine cutoff was analyzed for two

configurations. Both were two-ring versions of the Kick Stage, one having the 3,000-

pound payload, and one with the 300-pound payload.

The configuration used for analyzing the lateral response due to unsymmetric

thrust at Centaur second main engine start and cutoff, is the 3,000-pound payload on

the two-ring Kick Stage.

Table 9-1 summarizes the configurations and their corresponding model numbers

used for analyses in this section, ldigures 3-1 and 3-2 of Section 3 present the longi-

tudinal and lateral math models respectively. These models have been modified to

represent vehicle configuration at the flight time of Centaur buildup and cutoff. Nodes

have been eliminated and weights have been corrected to reflect jettison of Atlas, nose

fairing, insulation panels, interstage adapter, and depletion of fuel.

Weight and stiffness data for the above models are presented in Tables 3-4 through

3-7.

9.2 CENTAUR THRUST BUILDUP CUTOFF, AND DIFFERENTIAL CURVES

The curves for Centaur thrust buildup (Figure 9-1) and cutoff (Figure 9-2), are

based on the specification curves of Reference 9-1. Reference 9-1 presents a nominal
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TABLE 9-1. CONFIGURATIONS ANALYZED FOR CENTAUR MES AND MECO

Event

Centaur 2nd

Main Engine
Start

Centaur 1st

Main Engine
Cutoff

Centaur 2nd

Main Engine
Cutoff

Math

Model

No.

34

35

36

37

34

36

38

39

40

41

Kick

Stage

Case

No.

1

1

4

7

1

4

1

1

4

7

Type of

Model

Longitudinal

Lateral

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Lateral

Longitudinal

Longitudinal

Payload

Weight

(lb)

3000

3000

300

3000

3000

300

3000

3000

300

3000

Kick Stage

Configuration

2-Ring

2-Ring

2-Ring

3-Ring

2-Ring

2-Ring

2-Ring

2-Ring

2-Ring

3-Ring

buildup and cutoff curve and the envelope of the three standard deviation (3_) for one

RL10A-3-3 engine. The Centaur stage has two identical RL10A-3-3 engines.

For design purposes, it is desirable to represent the worst case condition, or

statistically the three-sigma condition, for the two-engine system. Probability theory

indicates that the three-sigma combination of two random variables is the root-sum-

square of the three-sigma values of the variables. Thus, the buildup and cutoff curves

used in this analysis (Figures 9-1 and 9-2) are twice the nominal, for one engine, plus

_2 times the three-sigma dispersion for one engine. The high thrust dispersions are
used for each of these curves.

The maximum differential thrust curves during Centaur thrust buildup and cutoff

were also derived from the specification curves of Reference 9-1. The differential

thrust is taken to be 0.707 times the high thrust dispersion above nominal, plus 0. 707

times the low thrust dispersion below nominal. These derived values, plotted versus

time, are given in Figures 9-3 and 9-4 for Centaur thrust buildup and cutoff respec-
tively.
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9,3 METHOD OF SOLUTION

9.3.1 SYMMETRIC CENTAUR THRUST BUILDUP AND CUTOFF. The method of

solution employed for this analysis is similar to that used for Atlas Thrust Buildup

(Section 5). The mathematical model for Atlas thrust buildup has the vehicle fixed to

the launcher. However, at Centaur thrust buildup and cutoff the vehicle is free. There-

fore, input to the Forced Vibration Program included one rigid body tr_mslational mode,

in addition to five elastic modes.

The forcing function as presented in Figures 9-1 and 9-2 was applied to node 13 of

the mathematical model used. Using structural damping of two percent for each of

the five elastic modes, the axial response was determined for all vehicle masses.

Reference 5-4 presents a m0re-detailed discussion of the analysis used herein.

9.3.2 UNSYMMETRIC CENTAUR THRUST BUILDUP AND CUTOFF. The lateral

mathematical model of Figure 3-2, modified as required, was used to derive one trans-

lational and one rotational rigid body mode plus five elastic modes.

These modes plus external forces were combined by means of computer program

2465 (Reference 5-3) to determine the various responses of the Kick Stage/Centaur

vehicle.

The external momemt due to the differential thrust was simply r times° the curves

in Figures 9-3 and 9-4, where r is the radius to the engine gimbal points (25 inches).

This moment, as well as the lateral control force, act at the Centaur gimbal station

(node 67 of Figure 3-2).

Using rigid body analysis, the engine command deflection (5c) was determined

from the following simplified autopilot equation:

5c = A8 + B9

where

A = 0.24 (dimensionless)

B = 0.32 second

{} = vehicle rigid-body rotation (degrees)

= vehicle rigid-body rotation rate (deg/sec)

A time constant of 0.2 second for the engine servomechanism was used to deter-

mine the lag between the engine response and engine command.

A short numerical integration was used to solve the rigid-body and autopilot prob-

lem resulting in the engine deflection, and the lateral component of the control thrust.
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This lateral component of the control thrust, and the external moment due to the

differential thrust, applied to the Centaur gimbal station (node 67 of Figure 3-2), were

the external forces used as input to the computer program.

9.4 RESULTS

9.4.1 MAXIMUM LONGITUDINAL ACCELERATIONS. Table 9-2 summarizes the

maximum longitudinal responses of the Kick Stage masses during Centaur second MES,

first MECO, and second MECO for the configurations analyzed. Positive values signify

upward accelerations.

The positive dynamic value presented in Table 9-2 is the portion of response that

exceeds the nominal steady-state thrust either after Centaur thrust buildup or before

Centaur thrust cutoff.

Dynamic values for Centaur thrust cutoff cases in Table 9-2 which have a super-

script s are maximums which are attained prior to thrust cutoff. Negative dynamic

loads for thrust cutoff are measured relative to zero steady-state thrust.

Inspection of Table 9-2 reveals that the maximum longitudinal payload dynamic

response occurs for the 300 poundpayload configurations. However, due to the lighter

weight of the payload the total force generated is less than that generated by the 3000-

• pound payload. The maximum payload loads, both negative and positive, Occurred for

the two-ring Kick Stage version with a 3000-pound payload.

The three-ring Kick Stage with the 3000-pound payload at Centaur second cutoff

produced maximum longitudinal loads in both directions for the hydrogen mass. Max-

imum LO 2 response was generated in both directions at Centaur second cutoff for the

two-ring Kick Stage/3000-pound payload configuration.

The peak engine loads occurred at two different Kick Stage configurations during

Centaur second cutoff. The maximum positive load of 1.82 + 2.69 g's was attained on

the three-ring/3000-pound Kick Stage, and the maximum negative of -5.60 g's was

developed for the two-ring/300-pound configuration.

The response of each Kick Stage mass that yields a maximum load is underlined in

Table 9-2.

An illustrative response time history of four Kick Stage masses (payload, liquid

hydrogen, liquid oxygen, and engine) for each flight phase analyzed is presented in

Figures 9-5 to 9-16. Kick Stage configuration is denoted on each figure. As can be

seen from the figures, masses of the Kick Stage do not have similar response time

histories for these analyses.
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In the Centaur thrust cutoff analyses, conditions exist where tanked propellants

attain negative accelerations. This is indicative of the propellants no longer remaining

at the bottom of the tank. In reality, this could represent a situation where the propel-

lm_ts shatter into large or small pieces that tend to remain in suspension or impact

against the forward bulkhead. In the analyses herein the propellants are constrained

to the tanks, and the math models used do not account for this phenomenon. Therefore,

for cases of negative propellant accelerations the math models are somewhat inaccu-

rate, but the errors introduced are considered to add conservatism (the analytical

loads are considered to be equal to or higher than reality}.

9.4.2 MAXIMUM LATERAL ACCELERATIONS. Maximum lateralresponses of

all Kick Stage masses due to unsymmetric loading at Centaur second MES and second

MECO are summarized in Table 9-3. The maximum loads derived are relatively

small, with Centaur second MECO yielding the greater responses for all masses.

It should be understood that these maximum lateral loads are not concurrent with

the maximum longitudinal loads of the previous Section 9.4.1. However, it is difficult

to estimate what portion of these lateral loads is realistically associated with the max-

imum longitudinal loads. Therefore, since these lateral loads are small, it would

create no great loss of efficiency (or weight increase} to employ them in conjunction

with the maximum longitudinal loads for design purposes.

Figures 9-17 to 9-20, and 9-21 to 9-24 show time history lateral responses at

Centaur second MES and second MECO respectively, for four Kick Stage masses.

9.4.3 TRUSS LOADS. Maximum axial truss loads are presented in Table 9-2.

(Positive axial loads represent compression.) The maximum axial loads occur with

the 3000-pound payload on the two-ring configuration of Kick Stage. Truss compression

load is maximum during Centaur second MES and the maximum tension load was

attained at Centaur first MECO.

Since Kick Stage masses do not exhibit similar response time histories for the

analyses in this section, the peak truss load is dependent on a combination of load and

phase relationships of the mass responses. The maximum truss load does not neces-

sarily occur at the time of peak response of the payload. (The payload is the largest

mass above the truss.)

Loads, as presented in this section and Tables 9-2 and 9-3, are incomplete for de-

sign use. These loads are to be combined with each other and employed as described

in Section 2. In addition, environmental loads are to be added in the manner prescribed

in Section 2. Total design load factors to be used are summarized in Table 2-1.
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KICK STAGE MAIN ENGINE START AND CUTOFF

I0. i MATHEMATICAL MODELS

Originally, itwas planned to determine loads for only five Kick Stage Main Engine

Start (MES) and Main Engine Cutoff (ME(X)) conditions. Because of the relatively

great loads developed and their possible importance, itwas decided to expand these to

i0 conditions shown in Table I0-i.

TABLE i0-i. TEN CONDITIONS INVESTIGATED

Mathematical Kick Stage Payload

Load Models Case Weight Rings

MES 1 42 1 3,000 2

MES 1 43 4 300 2

MES 1 44 7 3,000 3

ME(X) 1 45 1 3,000 2

MECO 1 45A 4 300 2

MES 2 45 1 3,000 2

MECO 2 46 1 3,000 2

MECO 2 46A 4 300 2

MECO 2 46B 4 MOD.* 300 2

MECO 2 46C 1 MOD.** 3,000 2

NOTES:

*Modified to stiffen payload, payload primitive frequency = 60 cps

**Modified to include beryllium-aluminum cruciform beam

As per the format of this study, the spring and mass parameters are shown in

Section 3, and the corresponding modes in Section 4. Special attention should be

focused on the response of the engine and Liquid Oxygen (LO2) mass which is largely

caused by the flexibility of the cruciform beam.
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10.2 THRUST TRANSIENTS

i

The RL10A3-3 thrust buildup and thrust decay curves are shown in Figures i0-i

and 10-2. These curves are taken from Pratt and Whitney specifications (see Refer-

ence 9-1).

10-3. METHOD OF SOLUTION

The method of solution for these Kick Stage MES and MECO transients is very

similar to the longitudinal part of the Centaur transients discussed in Section 9. It is

not necessary, of course, for the engines to gimbal due to thrust unbalance so that the

Kick Stage solution is simpler for that reason. The computer program used is dis-

cussed in detail in Reference 5-3.

10.4 RESULTS

Table 10-2 is a summary of the longitudinal response due to Kicl_ Stage thrust

transients. The various Mathematical Models (MM) are as described earlier with the

46B model having the stiffened payload and the 46C model having the beryllium-

aluminum cruciform beam. The static accelerations of each mass have two valves to

show the initial and final nominal values. The "Dyn +" load is the transient forward

acceleration or the static acceleration due.to high _within specification) thrust, in

excess of the maximum nominal acceleration, whichever is greater. The "Dyu -"

load is the minimum (maximum negative) acceleration. The load factors that result

in the greatest loads (load factor times weight) are underlined. Some loads during

MECOs are maximum prior to the thrust decay. These are marked with a superscript

"S" (for static).

Four figures have been included to show a typical acceleration response during a

MES. These are Figures 10-3, 10-4, 10-5, and 10-6 which show the response of the

payload, Liquid Hydrogen (LH2)mass, LO2 mass and engine, respectively for MM42

and are typical of other MES's. Figures 10-7, 10-8, 10-9, and 10-10 show various

response during MECO's.

The maximum payload forward acceleration can be seen to occur just prior to

Kick Stage MECO number 2 (KMECO2) as shown in Table 10-2, MM46, and also

Figure 10-9. This figure is typical of many responses where the steady thrust load

prior to MECO is more critical than the transient following. The maximum negative

load on the payload occurred at KMECO1 with MM45 (see Figure 10-7).
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The maximum forward loads on both propellant tanks occurred at KMES1, MM43.
It seems obvious that the greater mass of liquid at first start combined with the smaller
payload weight (to give a larger static acceleration) has caused this situation. These
responses are very similar, except for magnitudes, to Figures 10-4 and 10-5. The
maximum negative response of the propellants was indicated for KMECO1for the LO2
mass. It should be noted that the linear model used in the analysis does not make al-
lowance for the possible separation of the liquid whenunder negative (reversed) accel-
eration. It seems quite possible that these negative loads may be smaller than shown
in Table 10-2. The maximum negative acceleration of the LO2 mass is shownin Fig-
ure 10-8. The response of the LH2 mass under the worst negative acceleration is quite
similar to that figure.

Another problem related to liquid acceleration is shown in Figure 10-4 where it
can be seenthat a short duration negative acceleration spike exists at a time of 1.22
secondsin the MES. This type of response might causeirregular or out of specification
performance of the engine. In Figure 10-5 it may be seen that the IX)2 mass is free of
such problems.

f

i

I
I

t_

i
L
|

St

The engine response at KMECO2 is the most severe of the various conditions

analyzed. Figure 10-10 shows the engine acceleration versus time for MM46A (300

pound payload) and is typical of all these KMECO2 responses except for amplitude. The -

tension capabilities of the engine gimbal must, of course, be able to support the for-

ward acceleration loads of the engine mass (less thrust, if any). These loads are in the

order of 10 to 11 g's for MM46 and MM46A. It was noted that the use of the beryllium-

aluminum cruciform beam in MM46C reduced these loads to almost half. It is recom-

mended that the use of the stiff beam be considered as a means of reducing dynamic

response and saving weight.

The negative acceleration of the engine mass will produce compression in the

gimbal, but is not considered critical since the gimbal must be designed to the maxi-

mum thrust (as well as actuator loads and propellant line loads). During the MECO

transient, the loss of thrust is greater than the vibratory engine load.

The right hand column of Table 10-2 shows the axial load at the base of the truss

(near the aft ring). It may be noted that these loads follow the pattern of loads on the

payload mass and are maximum for the same conditions. The load in each strut is not

the same for these truss loads due to the flexibility of the aft ring. Plus loads are

compression while negative loads are tension.

The lateral response of the Kick Stage was considered briefly and some "best

guess" values were estimated to help complete the load summary in Section 2. These

values are shown in Table 10-3.
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TABLE i0-3. "BEST GUESS" LATERAL RESPONSE ESTIMATES

FOR KICK STAGE MES AND ME CO

MES

MECO

Lateral

Acceleration

(All Masses)

G's

_0.1

_=0.15

Truss

Bending

Moment

106 in.-Ib

_=0.05

_0.01

Truss

Shear

10 3 lb

+0.33

:_0.08

With respect to the 3-ring design which has only been analyzed once in MM44, it

may be noted that all dynamic responses are larger than the corresponding 2-ring
design (MM42). In addition, the detrimental effect of the softer cruciform beam in

MM46 as compared to the stiff beam in MM46C reinforces the conclusion that the softer

3-ring design is not optimum.
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ENVIRONMENTAL VIBRATION

Environmental vibration load factors are well recognized as important in the design

of smaller components such as 20-pound electronics packages. It has also been estab-

lished that for larger items such as an entire Mercury Capsule (Reference 11-1)

smaller random environmental load factors exist. It is the purpose of this section to

account for these loads.

II-I VARIATION WITH TIME

Environmental vibration is usually high at the time of launch due to ground reflec-

ted noise. After a few seconds of flight the vibration drops off to about a quarter of its

value only to rise again during the Mach 1 - Max q period. This second maximum is

generally about the same in magnitude as launch, but in some specific cases may be

more or less. After Max q the levels fall again and are generally less than half at

Maximum Booster Acceleration (MBA) just prior to Booster Engine Cut-Off. During

the Sustainer phase of the Atlas flight, environmental levels continue to be iow in gen-

eral. The only exceptions are the BECO and SECO transients when the Atlas engines

are cut off. These transients sometimes produce significant torsional response of the

upper stages at 60 to 100 cps, but have not been considered to be a designing condition

except for small components.

During firing of the Centaur second stage, environmental levels in the payload

area are somewhat lower than they were at launch or Max q. However, they are con-

sidered to be approximately the same for conservatism.

Kick Stage firing is expected to produce approximately 80 percent of the Centaur

stage levels, based on the cube-root of the thrust ratio.

11-2 ENVIRONMENTAL LOAD FACTORS

The magnitudes of these loads were based largely upon empirical data and experi-

ence gathered from past flights of Atlas and Atlas/Centaur vehicles. They are intended

to include the general effects of aerodynamic buffet, acoustics and engine transmitted

mechanical vibration at higher frequencies.

Table 11-1 presents the recommended environmental loads. These load factors

are considered to be random and uncorrelated with other specific loads such as those

resulting from Atlas thrust buildup. It should be noted that the loads in the table are

the same for Centaur firing as for launch except for the models where the forward ring

is connected to the nose fairing. In this case, it is recommended that environmental
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TABLE 11-1. KICK STAGE ENVIRONMENTAL LOAD FACTORS - GRAVITIES

Payload

P/L Ring

Forward

Ring

LH 2

LO24

Aft Ring

Engine

Wt./lb.

3OO

3000

436

174

Atlas TBU

Launch

Mach 1/Max q

2,32

.74

1.93

3.12

1390 1.08

610 x 1

220 X

6130

2250 x

1•03/..51

Maximum

Booster

Acceleration

Centaur

Firing

Kick Stage

Firing

1.16 2 •32 1.84

• 37 .74 .58

.96 1.93

3.11.53

i.52

2.4

.54 I.08 .85

x x 1.29

x x 2.1

x x
290 x x x

290 2.4 I.18 2.4 1.87

2.1380 1.03 2.1 3.03

1 This is not a normal design condition.

2 Should be increased 2 g's when connected to nose fairing

for models 32 and 33.

Engine vibration while operating is a difficult problem.

The 3 g's recommended here seems conservative based

on Centaur data. Additional static firing data for Kick

Stage should be obtained to refine this number.

The larger values are for individual bottles, smaller

values are for the group of bottles as a whole.

11-2



levels be increased to 5.1 g's on the forward ring to account for more direct trans-

mission of vibration to this structure. The exact mechanism to be used for this con-

nection should be evaluated when more details are available and this number revised

accordingly.

The table presents two numbers for the LO 2 mass vibration, where the larger is

for use with the structure of each bottle alone and the smaller is for use with the entire

cluster of four bottles as a whole.

Methods used to derive these load factors involve the use of mass attentuation

inversely proportional to the square root of the mass. The magnitudes were evaluated

high enough to include 50 percent more than the maximum expected environment in

operation for conservatism. These load factors are believed to be uncorrelated with

each other (random} so that they can be added by means of "Root Sum Squaring" (RSS).

This method differs from that used a few years ago for the design of the support

structure for Surveyor in that earlier the various partial loads were added while in this

method the various loads are RSS'ed if they are random and uncorrelated. Steady-state

loads are correlated and must be added as before.

11-3 ENVIRONMENTAL TRUSS LOADS

During the flight of AC-2 it was determined that approximately 0.16 million in.-lb

(zero-to-peak) bending moment was indicated by strain gages in the Atlas/Centaur

ddapter due only to high frequency environmental loads (Reference 11-2). In a similar

manner 0.2 million in.-lb was recorded on the second Mercury-Atlas flight (Reference

11-1}. Treating this data empirically and assuming that the difference between an

aerodynamically loaded payload and a shrouded one is a factor of three, it seemed that

both of these vehicles if shrouded by a nose fairing would see an environmental bending

moment of 0.05 × 106 in.-lb or a little more. The point of interest is that these loads

are similar in spite of the fact that there is a weight ratio of 10 to 1. The factor of

three above seems to be reasonable, based on comparisons of Surveyor responses

inside a nose fairing and Mercury data.

The 0.05 × 106 in.-lb load was doubled to allow for some random variations from

vehicle to vehicle and further increased by a factor of 1.5 to add conservatism. The

resulting 0.15 x 106 in.-lb was used as a limit for the truss bending moments shown

in Table 11-2. The shear and axial loads shown in that table are based on RSS totals

of the environmental load factors shown in Table 11-1 except for the case where the

forward ring is tied to the nose fairing. In this case, the nose fairing was assumed to

support the Kick Stage and reduce the lateral loads to approximately one-third.

In the case of MBA, the truss loads were cut in half in accordance with the general

trend mentioned earlier. The truss bending moments during Centaur and Kick Stage

firing were taken proportional to the shear loads for those cases where the shear
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TABLE 11-2. KICK STAGE ENVIRONMENTAL TRUSS LOADS

AND LOSS OF CLEARANCE

Payload

Weight =

300 [3000 _ _"
lb. lb. _

X X

X X

X X

X X

X X

X X

X X

X .

X

X

X

X

X

X

X

Time*

_ Forward Loads at Truss Base

_ _n _) Ring tied Bend.
_, _ _ _ to Nose Morn. Axial

<m _= _ m" _ Fairing 106 Shear Load

_ _! _ _ No Yes (in.lb.)i lb. lb.

X

X

X

X

X

X

X

X

X

X .15 2850 2850

X .15 1930 1930

X .05 1000 2850

X .15 2850 2850

X .15 1930 1930

X .05 1000 2850

X .08 1425 1425

Nose .15 2850 2850

Fairing

Jettison
.15 1930 1930

.15 2250 2250

.13 1530 1530

.15 2220 2220

.11 1240 1240

.13 1458 1458

.09 1062 1062

Loss of Clearance

(inches)

Forward

Payload Ring to

to Nose Nose

Fairing Fairing

.04 .02

.11 .02

.04 0

.23 .22

• .25 .22

.23 0

.06 .01

Nose Fairing
Jettison

*The time shown as Launch also includes Atlas Thrust Buildup.

The time shown as Max q includes all Gust solutions.

MBA is the abbreviation for Max. Booster Acceleration.

MES and MECO stand for Main Engine Start and Main Engine

Cutoff respectively.

K.S. MES 2 includes the time of K.S. MECO 1 (Kick Stage

first MECO).
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load was less than 1700 pounds. Since these loads are small they are not considered

worthy of more elaborate analysis.

11-4 ENVIRONMENTAL LOSS OF CLEARANCE

The loss of clearance due to environmental effects has been calculated for the

payload or forward ring by assuming the displacement to be equivalent to that for si-

nusoidal motion at 20 or 40 cps respectively and the acceleration load shown in Table

11-1. In addition, for the Mach 1 to Max q times of flight, a buffet response of the nose

fairing of 0.22 inch has been RSS'ed with the motion of the payload. For simplicity

the loss of clearance at MBA was taken as half the value shown at launch for the 300

pound payload. The other models should be somewhat less, and cannot reasonably be

critical at that time.

11-5,





REFERENCES

3-1

3-2

4-1

5-1

5-2

5-3

5-4

5-5

7-1

7-2

7-3

"Stiffness and Deflection Analysis of Complex Structures", J. of the Aero

Sciences, Turner, Clough, Martin and Topp, Vol. 23 #9 September 1956.

"Energy Theorems and Structural Analysis", Aircraft Engineering, J. H.

ArgyriSo October, November, December 1954, February, March, April,

May 1955.

General Dynamics/Astronautics Report No. DDE64-050, "General Missile

Vibration Program #2342", Gieseke, Appleby and Tonelli, 20 August 1964.

General Dynamics/Convair Report No. GDC-DDE65-063 "Dynamic Longitu-

dinal Loads Analyses Performed in Support of the MA-5 Thrust Buildup

Specification Curve Revision", J. W. Kittle, October 1965.

Rocketdyne Report No. R3952S "YLR-NA-7 Rocket Engine Thrust Buildup

Specification" revised 19 June 1964.

General Dynamics/Convair Report No. CCD-PROG-010 "Documentation of

Digital Program #2465" (Forced Vibration Program), dated 17 June 1964.

General Dynamics/Convair Report No. GDC-DDE66-012 "Dynamic Loads

Analysis of Space Vehicle Systems - Launch and Exit Phase" by R. H. Schuett,

B. A. Appleby, and J. D. Martin, dated June 1966.

General Dynamics/ Convair Report No. GD/A-BTD64-120 "Centaur/Surveyor-

Peculiar Structural Dynamics Analyses", T.T. Serrani, dated 15 July 1964.

General Dynamics/Convair Report No. GDC-BTD66-112 "Structural Design

Criteria, SLV-3C Booster Vehicle", D. L. Zentner, October 1966.

General Dynamics/Astronautics Report No. GD/A63-0967, "The COMBO Flight

Program", H. B. Hilton, 15 October 1963.

General Dynamics/Convair Report No. GD/C-BTD65-053 "Centaur Bending

Moments and Plotter Sections of COMBO Program #3591", J. A. Steele,

1 May 1965.

12-1



7-4

7-5

8-1

8-2

9-1

II-I

11-2 •

General Dynamics/Astronautics Report No. CCD-PROG-013, "Static Aero-

elastic Program (SAP) #3558", A. L. Odorico, October 1964.

General Dynamics/Astronautics Report No. CCD-PROG-012, "Gust Response

Program #2466", A. L. Odorico, 25 September 1964.

General Dynamics/Astronautics Report No. CD-63-039-AWS, "Digital Com-

puter Program 2520, IBM Basic Data Program (Green Door)", by J. Krell and

P. McGowan, dated 25 June 1965.

General Dynamics/Convair Report No. CCD-PROG-021, "Digital Computer

Program 2697C, Bending Moments Due To C,G. Offset and Misalignment",

by J. B. Laufer, T.E. Johnson, and V.K. Bertel, dated 20 September 1965.

Pratt and Whitney RL10A-3-3 "Engine Specification #2265A", Rev. 1 dated
11 October 1965.

General Dynamics/Astronautics Report No. AE61-0743, "Project Mercury

Structural Dynamic Analysis (Atlas 67D; MA-2)", by A. F. Leondis, dated

10 August 1961.

General Dynamics/Astronautics Report No. GD/A63-1380, "Structural Dynamic

Analysis of Atlas/Centaur AC-2 Flight Data", by E. C. Noble and R. T.

Mattson, dated 28 May 1964.

12 -2



DISTRIBUTION LIST

-)

'I

"i

t •

ii

,o

Recipient

Concerned

NASA Lewis

Program Manager (14)

Concerned

NASA Lewis

Procurement Manager (1)

Patent

Counsel (1)

NASA Headquarters

Technical Information

Abstracting and Diss_emena -

tion Facility (6)

Lewis Library (2)

Lewis Technical

Information Division (1)

NASA Lewis

Technology Utilization

Office (1)

NASA Lewis

Nuclear Technology

Office (2)

Address

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Robert W. Smith

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: John R. Danicic

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Norman T. Musial

NASA Scientific and Technical

Information Facility
Box 5700

Bethesda, Md.

Attention: NASA Representative

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Library

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Report Control Office

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Paul E. Foster

Technology UtilizationOffice

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Nuclear Technology Office

(1)



DISTRIBUTION LIST (Continued)

Recipient

NASA Headquarters

Program Office (3)

Lewis Research

Center Staff Members (1 each)

Theodore F. Gerus

Thomas P. Cahill

Ronaid J. Mancini

William G. Anderson

Joseph N. Sivo

Arthur V. Zimmerman

Carl F. Lorenzo

Francis J. Shaker

David A. Turner

James D. McAleese

Address

National Aeronautics and

Space Administration

Washington, D.C. 20546

Attention: Vincent L. Johnson

OSSA, Launch Vehicles

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: (Name of staff member)
r

(2)



DISTRIBUTION LIST (Continued)

Recipient

Lewis Office of Reliability

and Quality Assurance (1)

Ames Research Center (1)

Flight Research Center (1)

": J

Goddard Space Flight, Center {1)

Jet Propulsion LaboTatory (1)

2

Langley Research Center (1)

Manned Spacecraft Center (1)

f

Marshall Space Flight Center (1)

]

Western Support Office (1)

/

Address

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Office of Reliability

and Quality Assurance

NASA Ames Research Center

Moffett Field, Calif. 94035

Attention: Library

NASA Flight Research Center

P.O. Box 273

Edwards, Calif. 93523

Attention: Library

NASA Goddard Space Flight Center

Greenbelt, Md. 20771

Attention: Library

Jet Propulsion Laboratory

4800 Oak Grove Dr.

Pasadena, Calif. 91103

Attention: Library'

NASA Langley Research Center

Langley Station

Hampton, Va. 23365

Attention: Library

NASA Manned Spacecraft Center

Houston, Texas 77001

Attention: Library

NASA Marshall Space Flight Center

Huntsville, Ala. 35812

Attention: Library

NASA Western Support Office

150 Pico Blvd.

Santa Monica, Calif. 90406

Attention: Library

(3)



DISTRIBUTION LIST (Continued)

Recipient

General Dynamics/Convair

Staff Members (1 each)

M.R. Barlow

W.E. Strobl

K. Kachigan

R.S. Wentink

C.D. Pengelley

A. F. Leondis

J.A. Staley

R.L. Holt

J.A. Steel

R.M. Hintz

T.T. Serrani

R.W. Courteau

M.B. Rodriguez

E.S. Rosenbaum

R.S. Shorey

J.R. C annau

W.T. Su

H.H. Fong

J.A. Doggett

W.C. Tonelli

(4)

Address

General Dynamics/Convair

Post Office Box 1128

San Diego, Calif. 92112

Attention: (Name and mail zone)

Marl Zone

952-00

952-50

966-00

966-10

966-90

966-90

966-90

966-90

966-90

966-90

966-90

966-90

966-90

966-90

966-40

966-40

966-40

966-40

595-00

595-00

r


